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IN RATS AS A FUNCTION 


OF THE STIMULUS! 
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AND NEAL E. 
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Although secondary reinforcement 
has been of importance to 
behavior theory, especially in explana- 
tions of complex learning phenomena 
(e.g., Hull, 1943; Miller, 1951; Skin- 
ner, 1938), little is known about the 
conditions for its occurrence in any 
but the simplest The 
first hypothesis explored in the experi- 
ments reported here is that in a situa- 
tion in which there is more than one 
stimulus predicting primary reinforce- 
ment, e.g., food, the more informative 
stimulus will be the 
secondary reinforcer. 
that a 
for establishing any 


major 


situations. 


effective 
Further it is 
condition 
stimulus as a 
secondary reinforcer is that the stimu- 
lus provide about the 
occurrence of primary reinforcement ; 
a redundant predictor of primary 
reinforcement should not acquire sec- 


more 


asserted necessary 


information 


ondary reinforcement strength. 


! ‘This study was supported by funds from 
Grant MY647 from the National Institute 
of Mental Health, United States Public 
Health Service. We wish to thank Elizabeth 
Sherwood for her assistance in running the 
animals 

A portion of the data reported in this paper 
was presented by Neal Miller in his Presiden- 
tial Address to the 
Association 


American Psychological 


A possible situation in which to test 
this hypothesis is the following: a 
short stimulus always precedes the 
delivery of food. But it is 
essentially redundant by being over- 
lapped by a longer stimulus of slightly 
earlier onset which is also invariably 
followed by food. This situation is 
summarized in Fig. 1. 
stimulus is labeled S, and 
shorter, S». For an S trained 
this series of stimulus 
a reliable, but redundant, i.e., 
informative, predictor of food. Hence, 
according to our hypothesis, S; should 
be an effective secondary reinforcer ; 
S: should acquire little or no secondary 
reinforcing strength, even though it 
is closer in time to the occurrence of 


made 


The longer 
the 
with 
events, So is 


non- 


food, and therefore in a more favor- 
able position than is S; on the gradient 
of delay of reinforcement. 

There is a way, however, to make 
S. informative. If S,; occurs a number 
of times without Se, unaccompanied 
by the food pellet, and randomly 
interspersed with occurrences of the 
stimulus sequence shown at the bot- 
tom of Fig. 1, then Se, when it occurs, 
is no longer redundant; for now Sy» 
is the only reliable predictor of food. 
Thus, it is predicted that for a group 
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Fic. 1. Schematic representation of the 
theoretical analysis of the two Main Experi- 
ment groups according to a strict interpreta- 
tion of the drive-reduction hypothesis 


of rats who receive the stimulus se- 
quence depicted in Fig. 1 interspersed 
with occurrences of S; alone, Se will 
be a considerably more effective sec- 
ondary reinforcer than for the group 
of rats who receive only the stimulus 
sequence depicted in Fig. 1. 

It should be noted that both groups 
will receive exactly the same number 
of pairings of Se with food and in 
exactly the same immediate stimulus 
context, so that if a difference were 
found between the groups in the 
secondary reinforcing value of Sz, it 
could not be due to simple patterning, 
stimulus-generalization decrement, or 
differences in association with food. 

Our predicted results would be 
compatible with a strict interpretation 
of the drive-reduction hypothesis of 
reinforcement (Miller, 1959). Such 
a theoretical analysis is represented 
schematically in the upper portion of 
Fig. 1. According to the drive- 
reduction hypothesis, a stimulus ac- 
quires secondary reinforcing value 
by acquiring the ability to elicit a 
drive-reducing The left 
side of Fig. 1 illustrates that if most 
of the learnable drive already has been 
reduced by S,, little drive-reduction 
remains to be conditioned to So. 


response. 
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On the other hand, if S; sometimes 
fails to predict food, some of the condi- 
tioned drive-reduction to it should 
extinguish. Hence, as is depicted on 
the right side of Fig. 1, more of the 
drive-reduction should occur to, and 
be conditioned to, Se. 

From Fig. 1, one can also see that 
the drive-reduction analysis also de- 
mands that the secondary reinforcing 
value of S; should be greater when 
it is a reliable predictor (making Se 
redundant) than when it is an unre- 
liable predictor (making S»2 informa- 
tive). Thus we are led to our second 
hypothesis, namely, that in a situa- 
tion in which a predictor of primary 
reinforcement which is both 
reliable and informative, this predic- 
tor should become a more effective 
secondary reinforcer than an unreli- 
able predictor. Note that here we 
predict the opposite of a partial-rein- 
forcement effect, which would be 
expected to increase the resistance 
to extinction of the unreliable pre- 
dictor, that is, the stimulus which had 
been paired with food only part of 
the time. In any _ prolonged 
for secondary reinforcement, this in- 
creased resistance to extinction should 
show up as a greater total secondary- 
reinforcing effect. 


exists 


test 


MAIN EXPERIMENT 
Method 


Subjects.—The Ss were 88 male rats of the 
Sprague-Dawley who were approxi- 
mately 90 days old at the beginning of their 
experimental training. Owing to deaths and 
equipment failures, the data from 4 Ss were 
lost, and the data from another 4, selected at 
random, were discarded in order to have 
equal sized groups for an analysis of variance 
The Ss, fed once daily following the experi- 
mental session, were maintained at approxi- 
mately 80% of their ad lib. weight 

Apparatus.—The apparatus consisted of 
two identical Skinner boxes, 19 in. long, 8 in 
wide, and 6} in. high 
rhe floors of the boxes consisted of six } in.- 


strain 


(inside dimensions) 
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diameter rods running parallel to the side 
containing the Plexiglas door. Each box was 
enclosed in a large, light-proof, sound-dead- 
ened crate into which a stream of air was 
piped for ventilation and masking noise. 
Inside each of the Skinner boxes were two 
lights, one located 2 in. above the food cup, 
another located in the middle of the long back 
wall, opposite the Plexiglas door. The food 
cup was in the center of the front, 8-in. wall; 
the bar, a bent steel strip 14 in. 
truded } in 
box. 


wide, pro- 
chamber of the 
rhe entire bar assembly was removable 
and, when withdrawn, its opening was sealed 
with a metal panel. The bar was located to 
the right of and slightly above the food cup. 
A downward force of at least 12 gm. on the 
bar activated 


into the inner 


a microswitch normally con- 
nected in the circuit of a Gerbrands feeder 
which delivered a standard .045-gm. Noyes 
pellet into the food cup. A loudspeaker was 
located 3 in. behind and slightly to the left 
of the front wall of the Skinner box. Both 
flashing lights (12 per se ind tones (750 
cps) were used as stimuli 

Procedure All tr 


25 min. per 


lasted 
three 


ining sessions 


day. During the first 


sessions, Ss were magazine-trained in the 
absence of the bar. Then the bar was in 
serted, and, for two sessions, each bar press 
was followed by a pellet of food \ few rats 
who did not spontaneously learn to press were 
given an extra remedial session during which 
Over the next 


four sessions the required ratio ol responses 


bar pressing was “‘shaped.”’ 


to reinforcements gradually increased 


to 4:1. 


Then, for the subsequent five sessions, the 


was 


bar was removed, and Ss were randomly 
to Group A (for was 
reliable but redundant) and Group B (for 
whom 5S, reliable and 
Group \ received the following sequence ot 


assigned whom Sz: 


was informative) 

“‘stimulus- 
on the 
a pellet of food was delivered into 
the food up The pellet inevitably 
preceded by 2 «<. of S; and 14 sec. of S. 
Both stimuli overlapped the delivery of the 
food pellet by i sec., and both 
together. 


events during each of its five 


training’ sessions: once every 56 se 
average, 


was 


terminated 


Group B also received this stimulus se- 
immediately 
of the food pellet 


Ss received aperiodically, interspersed with 


quence preceding the delivery 


But in addition, Group B 


the stimulus-food sequence, 2 sec. of S; alone 
The events for Group B occurred on the 
average of once every 30 sec 


For half the Ss in each group, S; was a 


RATS 


flashing light and S- was a 
other half, 


was a tone and S. was a flashing light 


the conditions were 


reverst 


During 5 days of such training, each 
group received 135 pairings of S; and Sz with 
food, and Group B received in addition about 
110 occurrences of 5S, Thus for Soth 
groups Sz was followed 100% of the time b 

food, while S,; was followed by food 100% of 
the time for Group A, but only 55% of the 
time for Group B 


alone 


The above description of training applies 
to all but 16 Ss, 8 Group B and 8 Group A 
For these Ss, training was exactly as described 
above except that the stimulus-food pairings 
occurred for both groups on the 
of once every 75 SOC instead of 56 sec 


average 
and 
Group B received a stimulus event on the 
instead of 30 se 

20% 
These 16 Ss were 


average of once every 15 sec 
so that S, was followed by 
of the time for Group B 
given 


food only 


seven 25-min “stimulus-training’’ 

The data from these Ss 
analyzed separately and not included in the 
overall analysis of variance 

Testing.—On the day following the final 
stimulus-training session, Ss were tested as 
follows: the bar reinserted est 
Session 1 began with each S pressing for food 
pellets on a fixed ratio of 3:1 
presses continued until S 
pelle ts 


sessions. 


were 


was and 
The retraining 
had received 30 
At this point the bar was discon 
and 10 min. of 
At the end of the 10 min., the bar 
reconnected, 
which delivered on the same 3:1 
whatever 


nected extinction ensued 
was 


not to the feeder, but to a timer 


stimulus was 
igth 


session continued until 25 min 


ser ot 


for secondary reinforcing stret 


since the beginning of the extinction 
or until 10 min. after the first occurren 
stimulus, whichever was longer. 

In the foregoing procedure, relearning 
following experimental extinction was used 
as the 


strength on the assumption that 


measure of secondary reinforcing 
it would b 
more rapid and less variable than would de 
novo learning of the skill of pressing the bar 


A preliminary study had validated this 


technique showing that in such a test more 


bar presses would occur when followed by a 
stimulus previously associated with food than 
when the stimulus had not 
with food 

After an interval of 1 day, 
was conducted, identical to the first, except 
that this time the stimulus delivered following 


been ass ciate 1 


Fest Session 2 


the 10-min. extinction period was the opposit 
from that tested in Test Session 1: for half 
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of the Ss, Ss was tested in Test Session 1 and 
S; was tested in Session 2; for the other half 
of the Ss, trained and tested subsequent to 
the first half, the stimuli were tested in the 
opposite order. 

For Ss tested first with S. and then with 
S;, Test Session 3 followed another inter- 
vening day, this time with Ss pressing for 
Se again. Throughout the course of the 10- 
min. extinction and ensuing “pressing for 
stimuli’ period, the cumulative total number 
of bar presses for each S was recorded each 
minute. 

Response measures.—The total number of 
bar presses in a 10-min. period following the 
first occurrence of the stimulus was the meas- 
ure of secondary reinforcing strength. Since 
there were significant between-S and within- 
S correlations (ry, = .53; ry = .34) of this 
measure with the total number of bar presses 
in the 10-min. extinction periods, this total 
number of bar presses in extinction was used 
as a control variable in analyses of covariance. 
(It should be noted that 
presses during extinction 
the first 2-4 min. of the 
period. ) 

Furthermore, since it was found that in no 
case would analyses based only on data from 
Test Session 1 have led to any substantially 
different conclusions from 
below, the and results of analyses 
reported (unless otherwise noted) are based 
on combined data from Test Sessions 1 and 2 

Since by 


most of the bar 
occurred within 
10-min. extinction 


those reported 


means 


Test Session 3, there no longer 
appeared to be any differences between the 
experimental groups, the data from this 


session were not included in the final analyses. 


Res ults 


Neither of 
tested 


Overall analysis. 
hypotheses 


the 


being depended 


TABLE 1 


MEAN RESPONSES DURING 10 MIN. o1 
EXTINCTION AND 10 MIN. of 
“PRESSING FOR STIMULI” 


Group 
Pressing) Ext Pressing 


101.9 
112.0 


Test Sessions 1 and 2 combined 
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the significance of the main 
the overall analysis, but 
instead upon comparisons between the 
means shown in specific subcells of 
Table 1. The marginal entries in 
Table 1 give the overall means for 
Groups A and B (rows), and for S, 
and S» (columns). The overall mean 
for each group is based on data from 
32 Ss each tested with S; and with 
Ss; the overall mean for each stimulus 
position is based on data from all 
64 Ss. 
of Tables 1 and 2, Group A responded 
significantly more than Group B and 
the position of S; was reliably more 
effective than that of So. 

It should be noted that although 
the groups were identically treated 
in all other respects, the 32 Ss tested 
with S, first and S». second were run 
subsequent to the 32 Ss tested with 
So first and with S, second. No 
significant differences between these 
groups existed in the control variable, 
total presses in 10 min. of extinction. 
Nor did an analysis of covariance 
reveal any significant effects of order 
of testing (O), or of the interaction 
of order of testing with experimental 
group (G), or with stimulus position 
(P) (see Table 2). 

Across all groups, the Ss responded 
more for the flashing lights than for the 
tones (F = 8.45; df = 1/55; P < .01, 
analysis of covariance). 

Examination of the minute-by- 
minute totals during the 
“pressing for stimuli’’ period revealed 


upon 
effects of 


As seen from an inspection 


response 


that the differences between groups 
tested at 10 min. had generally begun 
to appear after 3-5 min., and con- 


tinued to increase out to 15 min., 
which was the longest period any S 
was permitted to bar press for stimuli 
during a given test session. 

As expected from our hypotheses, 
the (P X G) interaction was highly 


significant (Ff = 17.71; df = 1/55; 
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RATS 


TABLE 2 


SUMMARY OF ANALYSIS OF VARIANCE 


Analysis of Variance 


Between Ss 
Experimental Group (G) 
Modality of S; (M) 
Order of S;,S2 (O) 
GXM 
G xO 
M xO 
GXMxO 
Error (b 


Within S 


PXGXM xO 


Error (w 


P < .001, 


Hence, we 


covariance). 
were justified in making 
within experimental group and stim- 
ulus position comparisons. 

S,: Group B vs. Group A.—On the 
basis of our first hypothesis, we ex- 
pected that Group B Ss, for whom S_ 
was informative, should press more 
for Ss than Group A Ss, for whom S» 
redundant. 
tween the group means on the sec- 
ondary 


analysis of 


was The difference be- 
measure was in 
the predicted direction and significant 
beyond the .05 level (F = 4.03; 
df 1/56). (The means are given 
in Table 1.) However, the effect was 
not statistically reliable in an analysis 
of covariance. 

As mentioned above, 16 Ss, 8 each 
in Groups A and B, were trained with 
the number of occurrences of S,; alone 


reinforcing 


for Group B increased so that 80°; 
of the stimulus events for Group B 


AND COVARIANCE: 


lest Sessions 1 AND 2 COMBINED 


Analysis 


of Covariance 


MS 


6,062.17 
4,792.37 
709.44 
573.36 
50.93 
37.41 
,382.64 
218.04 


es ss 


wn 


,168.39 
,613.81 
,316.32 
594.90 
546.78 
16.45 
3,168.95 
6,720.79 
1,220.64 


7... _._) 


wn 


were unaccompanied occurrences of 
S,. For these Ss, tested with S. in Test 
Session 1, the means on the secondary 
reinforcing measure were in the pre- 
dicted direction, 97.5 vs. 88.0, but the 
difference was short of 
significance. However, 


statistical 
when these 
data were analyzed in an analysis of 
covariance and combined by means 
of a critical ratio test with the data 
discussed above, the predicted effect 
was significant beyond the .05 level. 
(CR = 1.97 if the data from 
16 Ss are combined with those from 
the 64 Ss tested with S» in Test 
Session 1 or Test Session 2; CR = 2.02 
if the data are combined with those 
from the 32 Ss tested with S. in Test 
Session 1 only.) 

S,: Group A vs. Group B. 
second hypothesis predicted that S, 


these 


Our 


would be a more effective secondary 
reinforcer for Group A, for whom it 
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was reliable and informative, than 
for Group B, for whom it was un- 
reliable. This prediction was borne 
out by the data beyond the .001 level 
(F = 15.71; df = 1/55; analysis of 
covariance). 

Group A: S, vs. S,.—As predicted 
from our first hypothesis, S; was a 
much more effective secondary rein- 
forcer than S. for Group A. The 
difference between the means for 
these two stimulus positions, 115.1 
the 
df = 1/27; 


vs. 65.8, was significant beyond 
.001 level (F = 26.35; 
analysis of covariance). 


CONTROL EXPERIMENTS 


Pseudoconditioned and unconditioned con- 
trol—Fourteen Ss, male albino rats, handled 
exactly as in the Main Experiment, were 
trained in groups of 7 Ss each with stimulus 
sequences identical to those of Groups A and 
B, except that the stimuli were never paired 
with the occurrence of food, which was de- 
livered at least 10 sec. after the occurrence 
of the stimuli. The two different patterns of 
stimuli used in training had no effect upon 
the pseudoconditioned rate of bar pressing. 
Ihe mean for the 14 Ss with both test sessions 
combined was 64.3. These 14 Ss bar pressed 
for the stimuli significantly less in both Test 
Session 1 (¢ = 3.41; d 28; P < .005) and 

2.72; df = 28; P < .02) 
6 Group A Ss bar pressing for 


Test Session 2 (t = 
than did the 1 

the informative stimulus (S;) in each of the 
Main Experiment test sessions 


Hence, in a 
group predicted to show a large secondary 
reinforcing effect, we did indeed find such an 
effect produced by our training procedure. 

Eight Ss were exposed to the stimuli dur- 
ing training exactly as 
except that the food pellets were eliminated 
entirely. 


described above, 
The unconditioned rate of pressing 
for the stimuli was comparable to that of the 
pseudoconditioned group (M = 73.4 

The mean for the total group of pseudo- 
conditioned and unconditioned Ss with both 
test sessions combined was 67.6, indicating 
that the secondary reinforcing value of the 
redundant stimulus for Group A of the Main 
Experiment (M = 65.8), once the uncondi- 
tioned rate of pressing for stimuli is taken into 
account, was small, if not 
dicted 


estimates of 


7eTo, as Wwe pre- 
hypothesis The 


the pseudoconditioned and un- 


from our first 
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conditioned scores may be somewhat high, 
however, since these Ss tended to have higher 
10-min. extinction scores than did Ss of the 
Main Experiment 

control.—To test whether the 
effects studied in the Main Experiment were 
related to secondary reinforcement or only 
to a possible activation effect of a stimulus 
formerly associated with food (Wyckoff, 
Sidowski, & Chambliss, 1958), 10 additional 
Ss were trained exactly as in the Main Experi- 
ment, 5 as in Group A and 5 as in Group B 
However, during the testing of these Ss, the 
bar remained nonfunctional 
disconnected from the feeder 
tested at the time as an identically 
trained S used in the Main Experiment 
The yoked Activation Control S received only 
the stimuli earned by his Main Experiment 
partner. If the Main Experiment S pressed 
for a stimulus within 7} sec. of a yoked Activa 
tion Control S’s response, the stimulus for 
the Activation Control S was delayed so that 
it was not delivered until 74 sec. 
response 


Activation 


once it was 
Each S was 


same 


after his 
Hence spurious pairings of stimuli 
and pressing could not occur 

Thus, for these 10 Ss, any pressing which 
occurred during the retraining test 
could have been due only 


period 
to the activation 
effects of the stimuli plus remaining operant 
level; the possibility of secondary reinforce- 
ment was eliminated. 

In Test Session 1, all 10 of the Activation 
Control Ss pressed less than did their second 
ary-reinforced partners (P < .002, binomial 
test, two-tailed). In Test Session 2, 9 out of 
10 pressed less than did their yoked partners 
(P < .02, binomial test, two-tailed). Hence, 
we are quite certain that in the Main Ex- 
periment we were indeed studying secondary 
reinforcement. 

Partial reinforcement effect control.—\|n the 
Main Experiment we had found that in the 
presence of a reliable predictor (Sz), training 
with partial reinforcement of S; produced 
less total pressing for S; as a secondary rein 
forcer than did 100% reinforcement. This 
confirmed our hypothesis but was opposite 
to the effect of increased resistance to extin 
tion usually found with partial reinforcement 
In order to see whether the presence of the 
reliable predictor indeed the crucial 
factor, we ran two spec ial control groups of 8 
Ss each, one with the usual partial reinforce- 
ment 100% 
These groups were identical in 


was 


procedure and one with 
forcement 


rein- 


all respects to those of the Main Experiment 
that the reliable predictor, 4, 


When 


except 


omitted these groups were tested 
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the partial reinforcement group tended to 
press more for the stimuli than did the con- 
reinforcement group (though the 
difference between the group means, 128.6 
statistically significant) 
However, the difference between these two 
groups was in the opposite direction and 
significantly different (F = 5.71; df = 1/35; 
P < .025) from the difference found between 
Test Session 1 means of the 32 Ss of the Main 
Experiment tested with S, during Test 
Session 1. Thus it appears that the presence 
of Se, the reliable predictor of food, did play 
the crucial role in determining the direction 
of the results obtained in our tests of the 
secondary reinforcing value of S, 


tinuous 


vs. 115.6, was not 


DISCUSSION 


Our situation differed from those in 
which the effect of partial reinforcement 
on the establishment of secondary rein- 
forcement has been studied (e.g., Klein, 
1959; Zimmerman, 1957, 1959) in that 
during training all our Ss had a reliable 
predictor of food. The seemingly crucial 
importance of the presence or absence 
of a reliable predictor during training 
help to explain the apparently 


conflicting results obtained from single- 


may 


separate-group experimental 
determining the effects of 
reinforcement on the strength 


group Vs. 
designs in 
partial 
of a secondary reinforcer (e.g., D'Amato, 
Lachman, & Kivy, 1958). It 
that partial reinforcement will increase 


may be 


resistance to extinction of a secondary 
reinforcer only if training occurs in the 
absence of a reliable predictor. 

It should be noted that our formula 
tion of the conditions necessary for the 
establishment of a secondary reinforcer 
is compatible with the well-known ‘‘dis- 
criminative stimulus hypothesis” of sec 
(Keller & Schoen- 
Schoenfeld, Antonitis, & 

Furthermore, 


ondary reinforcement 
feld, 1950; 

Bersh, 1950). 
with respect to Se: 


our results 


Group B vs. Group 


A could perhaps be considered analogous 
to those reported by Notterman (1951) 
in studies using rats as Ss in both a Skin 
ner box and a straight alley. 


SUMMARY 


\lbino rats (N 88, 


to press a bar for food, then divided randoml\ 


male) were trained 


REINFORCEMENT IN 


RATS 103 


into two groups and trained as follows for 
135 trials in the same Skinner boxes with the 
bars removed: two stimuli, when paired, 
ended together and always preceded food 
For Group A, 
(S2) was always redundant because the first 
stimulus (S,) had already reliable 
information that food was to But for 
Group, B, Se was informative, because for 
them 5S, occurred 
without food. 


After the training sessions, the 


the second, shorter stimulus 
given 
come 
also sometimes alone 
bars were 
reinserted, bar pressing was retrained with 
food pellets, extinguished, and then retrained 
again, this time using 1 sec. of 
training 


one of the 
secondary reinforcer 
he total 

following the 


secondary 


stimuli as a 
in place of the food 
bar presses in 10 
occurrence of the 


number of 
min first 
reiniorcing 
stimulus was used as the measure of secondary 
reinforcing strength The testing procedure 
was repeated after 48 hr 
training reinforcer, 
so that all Ss were tested with both stimuli 


using the other 


stimulus as secondary 
ina balance ed sequen ec 

Control experiments were run to provide 
baseline levels for pseudoconditioned and 
unconditioned rates of pressing, and for a1 
activating effect of the stimuli 

As predic ted, S» was a stronger sec ond iry 
reinforcer when it was informative than whe 
it was redundant; S 
secondary reinforcer than S, in that group for 
which S:2 was a redundant predictor of primar) 
In addition, S 


reinforcer 


was a more etiective 


reinforcement 
effective 


Was a more 


secondary when it had 


been a reliable predic tor ol fox od. 
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INTERACTIONS AMONG THE SOMESTHETIC SENSES IN 
JUDGMENTS OF SUBJECTIVE MAGNITUDE! 


NOWELL JONES, DAVID SINGER, anp PAUL A. 


TWELKER 


University of California, Los Angeles 


That perceptual blends occur among 
touch, warmth, and cold is well known 
(e.g., Boring, 1942). Interest in these 
perceptual phenomena has been en- 
hanced recently by the revival of the 
suggestion that somesthetic 
of the skin are in fact 


senses 
not separate, 
but depend upon the same receptor 
and afferent mechanisms (Sinclair, 
1955; Weddell, Palmer, & Pallie, 
1955). Neurophysiological investi- 
gations support the view that some 
overlapping 
especially 


of mechanisms does occur, 
touch and cold 
ra 1960). It 
also true, for example, that the abso- 
lute thresholds for vibration may be 
altered by cooling or warming the 
skin (Weitz, 1941), although the 
physiological basis of the alterations 
is not clear. 


between 


(Hensel Boman, is 


Whether or not one can make judg- 
about of stimulus 
uncontaminated by the 
presence of a different kind of stimu- 
lus That the 
given 
by altering 
the condition of the skin or by im- 
proved coupling of the stimulator to 
the skin not the point. 
Prolonged cooling or warming of the 
skin the threshold to 
touch by altering either the sensitivity 


ments one kind 


dimension 


is another question. 
absolute for 


dality 


threshold a mo- 


can be changed 


is case in 


may change 


of the receptors or by changing the 
biophysical characteristics of the skin. 
Changing the pressure of an applied 


cold or warm 


stimulator may alter 


This research was s ipported by Contract 
1) A-49-007-M D-1001 The 


General of \rmy 


between Surgeon 


the United States ind the 


University of California 


105 


the temperature thresholds by chang- 
ing the conditions of coupling to the 
skin. Our concern is rather with the 
question of S’s ability to make judg- 
ments on the of information 
resulting from one variety of adequate 
stimulation in the presence of ade- 
quate stimulation of another kind. 
If he were able to make independent 
judgments, it would lend some sup- 
port 


basis 


to the position of those who 
regard touch, cold, and warmth to be 
essentially independent of 
information. 


channels 


METHOD 


A pparatus.—Since we proposed to present 
mechanical stimuli simultaneously with either 
cold or warmth, it to devise 
an apparatus controlled 
variation of these using the same stimulator 
for all For this reason the ipparatus fina 
devised used a temperature stimulator which 


Was necessary 


which permitted 


could be either cooled or warmed, and which 
was attached to a device providing mechanical 
displacement for touch The 
temperature stimulator is described in detail 
elsewhere (Jones, Twelker, & 1962), 
and of a semiconductor thermo 
couple junction which could be 
warmed by the application of a direct current 
of proper orientation The 
approximately 2 was 
our purposes, the 
by 


stimulation 


o>inger, 
consisted 


co led or 


time constant 


Ser for 
ot 


im 


satistactory 
control 
ot 


he effective 


was visual 


stimulus temperature means an 


bedded thermocouple junction 
consisted of a copper disc 7.1 mm. in diameter 
which was used as the stimulus tip throughout 
the experiment With this 
stimulator it not necessary 
for “temperature spots” 
stimulation 
achieved by 
500-ohm loudspeaker 


large 


search 


rather 
was to 
to insure temperature 
Mechanical displacement 
f lly 


whose 


was 


means oO a specia wound 


motor? move 


? The 
Stephens 
City, 


loudspeaker 
lru-Soni 
California 


motor was made by 


Incorporated, Culver 
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ment was controlled by an imposed current. 
Precise control of the amount, rate, and form 
of displacement was provided by feedback 
from the stimulator itself. Observed on an 
oscilloscope, the displacement of the stimula- 
tor was a straight line, with very sharp bends 
at the beginning and end of movement. There 
was no evidence of overshoot or ringing at 
the termination of displacement. 
Procedure.—There were four experimental 
conditions: in Cond. P-W pressure was judged 
with concomitant warmth; in Cond. P-C 
pressure was judged with concomitant cold; 
in Cond. W-P warmth was judged with con- 
comitant pressure; in Cond. C-P cold was 
judged with concomitant pressure In 
each case, the primary 
had five levels, 
had four. 


stimulus dimension 
the concomitant dimension 
Pressure was defined as extent of 
stimulator movement, or depth of intrusion, 
this being the stimulus parameter previously 
selected as most useful (Jones, 1960). Tem- 
perature stimuli were defined as above or be- 
low skin température, which, needless to 
say, made it necessary to measure the skin 
temperature for every S and adjust the stim- 
ulus series.* The Ss differed from each other 
by as much as 2° C. For Cond. P-W and P-C 
the five pressure levels were 1, 2, 3, 4, and 5 
mm. of rectilinear stimulus movement at a 
rate of 2 mm. sec. The four concomitant 
temperature stimuli were 0, 2, 5, and 9° C. 
above or below the measured skin tempera- 
ture, respectively. For Cond. W-P and C-P, 
there were temperature stimuli either 
above or below skin temperature by 0, 1, 3, 6, 
and 9° C 
itant 


five 


with four equally spaced concom- 
pressure stimuli from 1 to 5 mm. 

For any of the pairs of stimulus dimension 
there were 5 X 4 possible combinations of 
stimulus conditions. Since ordinal effects 
were expected, a 20 X 20 analysis of variance 
table was constructed according to the sug- 
gestions of Williams (1949). The design 
permitted the slightly confounded appraisal 
of first-order ordinal effects. Each row of 
the table represented 1 S, so that there was 
a total of 20 Ss 
all four 
sittings. 


The same Ss served under 
conditions, but at four separate 
The conditions were 
arranged as follows: for Ss 1, 5, etc., P-C, C-P, 
W-P, P-W;; for Ss 2, 6, etc., W-P, P-W, P-C, 
C-P; for Ss 3, 7, etc., P-W, W-P, C-P, P-C; 
for Ss 4, 8, etc., C-P, P-C, P-W, W-P 


orders of 


3 Since heat transfer is a linear function of 
temperature differential, the 
actual skin temperature must be taken into 


the absolute 


account and is the logical zero point on the 


stimulus scale 
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The stimuli were judged by the method of 
magnitude estimation (Stevens, 1957), since 
this had proved to be a useful method in 
previous work on pressure (Jones, 1960). 
In Cond. P-W and P-C, Ss were instructed 
to judge on the basis of pressure or touch, 
while in Cond. C-P and W-P they were 
instructed to judge on the basis of coldness 
and warmth, respectively. For pressure, 
a standard stimulus movement of 3 mm. was 
designated as 10. In the case of a tempera- 
ture a 3° C. deviation from skin temperature 
with a stimulus movement of 1 mm. 
designated as 10. In every case the standard 
was presented three times at the beginning 
of the experimental session, and not after- 
wards repeated. 


was 


Three special problems of stimulus control 
require comment. First, with temperature 
stimulation there is a tendency for the skin 
temperature to drift as the result of stimula- 
tion. This avoided by returning the 
stimulator to the previousfy measured skin 
temperature after each stimulation. Second, 
the timing of combined pressure and tempera- 
ture stimuli is complicated by the shorter time 
constant of the skin for mechanical as com- 
pared to thermal stimuli. In the present 
experiment, the concomitant temperature 
change was initiated approximately 5 se 
before the mechanical stimulus. Third, the 
ambient temperature remained within 1° | 
of 72° F. throughout the experiment. 

Subjects.—The Ss were drawn from 
beginning and one advanced class in psychol- 
ogy. 
physical judgment, but very few had any 
difficulty. A few Ss were eliminated because 
of failure to understand the instructions or 
because of difficulties with the apparatus 


was 


one 


They were not experienced in psycho- 


RESULTS 


After a logarithmic transformation, 
the data for each of the four condi- 
tions were analyzed for ordinal ef- 
fects according to the routine given 
by Cochrane and (1957, pp. 
135-138). There was no significant 
first-order effect for any condition, 
hence no correction for order was 
made. Tables 1 and 2 give the analy- 
ses of variance for the four conditions. 


Cox 


As might be expected (Jones et al., 


1961), there is a highly significant S 
effect, using a conservative error term 
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(triple interaction), in every condi- 
tion, and the S X Primary Modality 
interactions are significant, indicating 
differences in slope. The primary 
effect of the dimension to be judged 
is highly significant in every 
again as might be expected. In no 
case is the effect of the concomitant 
stimulus modality significant. In 
only one case, Cond. C-P, is the inter- 
action between modalities significant. 
Inspection of the Cold X& Pressure 
table indicates that this interaction 
results from a slight tendency for 
the intermediate but not extreme cold 
stimuli to be judged greater when 
accompanied by a greater pressure. 
An analysis was performed to dis- 
cover whether or not there was an 
overall effect of cold or warmth on 
judgments of pressure, since this could 
not be determined from the analysis 
The 


result shows that there is no signifi- 


case, 


of each condition separately. 


cant effect, pressures being judged 
the whether 
cold or warmth (F 


same accompanied by 


= 10, df = 1/19). 


DISCUSSION 


That the somesthetic senses somehow 
interact to provide perceptual patterns 


rABLE 1 
ANALYSIS OF VARIANCE OF MAGNITUDE EsTtI- 
MATES OF PRESSURE MADE WITH 
CONCOMITANT WARMTH OR 
CoLp 


| Concom Concom 


itant itant 
Warmth Cold 
V) C) 





MS I 


24.0** | .59 | 19.3** 
66 04 1.3 
45.5** |4.56 | 91.2** 
1.5* 03) 1.0 
4.0**| O05) 1.6% 
02) 1.0 04; 1.3 
02 03 


TABLE 2 


ANALYSIS OF VARIANCE OF MAGNITUDE 
MATES OF WARMTH AND CoLp MApt 
WITH CONCOMITANT PRESSURI 


EstI 


Estimates 
of Cold 


Estimates 
of Warmth 
Source 





Ss 
Pressure (P) 
Warmth (W) or Cold 


(C) 
Ss XP 
Ss X W (or C) 
W (or C) X P 
Ss X W (or C) X P 

















* P< .01. 


“‘wet,”’ “‘oily,”’ and the like is a 
commonplace observation which was at 
one time, at least, the subject of careful 
study (cf. references in 1942, 
pp. 521-522). Also indicative of inter- 
action is the tendency for cold objects 
to be judged heavier than warm ones 
(Weber, 1905). From neurophysiological 
work, including the recording of action 
potentials from human nerve fibers 
(Hensel & Boman, 1960), we know that 
cold stimulation and pressure stimula- 
tion affect, in part, the same fibers, and 
we also know that there is some over- 
lapping of representation in the cerebral 
cortex (Landgren, 1957). Even without 
accepting in detail the arguments of 
Weddell et al. (1955) and Sinclair (1955), 
among others, that there is no real differ- 
entiation of the skin senses, we should 
still expect, on the both the 
perceptual and neurophysiological litera- 
ture, some significant degree of interac- 
tion. We have found very little, if any. 
Pressure can be judged independently 
of concomitant temperature stimula- 
tion, and cold and warmth can be judged 
independently of concomitant pressure 
stimulation, with the possible exception 
of a small interaction of cold and pressure. 


such as 


Boring, 


basis of 


Psychologically, that is, as far as the 
total system 
there is very 


response is concerned, 
little to about the 
results beyond their demonstration and 
the suggestion that further work may 
refine the 


say 


results presented here, es 
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pecially in regard to the effects of chang- 
ing the temporal relationships among the 
stimuli. The neurophysiological impli- 
cations, however, require comment. In 
the first place, the possibility of inde- 
pendence of magnitude judgments re- 
quires that there be differentiation among 
receptors. As Brindley (1957) has 
pointed out for the visual system, the 
nervous system cannot create informa- 
tion out of an undifferentiated peripheral 
response, no matter how complex the 
subsequent transformations. Support is 
lent, therefore, to the position that sepa- 
rate receptors are involved in the re- 
sponse to different varieties of stimula- 
tion. In the second place, it appears 
that the judgments of magnitude are 
made on the basis of some steady state in 
the temperature, rather than 
upon the initial burst of impulses obtain- 
able not only from cold receptors but 
from presumed pressure receptors asso- 
ciated with large upon the 
application of cold (Hensel & Zotterman, 
1951). It is that different 
temporal relationships among the stimuli 
would lead to the discovery of interac- 
tions that our particular choice of timing 
has not revealed, but for the present such 
a suggestion is purely speculative. A 
third, and final point is that the over- 
lapping in cortical representation of the 
various skin modalities, even though 
involving convergence on the same cor- 
tical neuron in some instances, somehow 
does not interfere with modality-specific 
judgments. Furthermore, the facilita- 
tory effect of pressure stimulation sug- 
gested by Landgren (1957) 
psychological counterpart in our results. 
A consideration of the latencies involved 
would tentatively suggest that the non- 
specific cells found in the cortex are 
the 


case of 


axones 


possible 


has no 


related to arousal system rather 
than to a specific sensory pathway, and 
would not be expected to be directly 
involved in judgments of magnitude. 
We may conclude, therefore, that our 


results are compatible with the existence 


of separable mechanisms of response to 


pressure and thermal stimulation. Al- 


though we cannot argue for the accept- 
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ance of any particular neurological 
mechanism as underlying our results, 
the ideas advanced here are parsimonious 
and in harmony with the weight of 
neurophysiological evidence. In any 
case, no matter what the underlying 
mechanism, we have shown that pres- 
sure, cold, and warmth can be responded 
to selectively in the presence of con- 
comitant stimulation. 


SUMMARY 


Twenty Ss gave magnitude estimates of 
pressure stimuli in the presence of 
comitant cold or warm stimuli, and magni- 
tude estimates of cold and of warmth in the 
presence of concomitant pressure stimuli 
It was found that judgments of magnitude can 
be made independently of concomitant 
stimulation in another modality. It was 
suggested that this result is consistent with 
the assumption of neurological 
mechanisms for the skin senses under con- 
sideration. 


con- 


separable 
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POSTCON DITIONING DELAY AND INTENSITY OF SHOCK AS 
FACTORS IN THE MEASUREMENT OF 
ACQUIRED FEAR! 


WALLACE 


R. McALLISTER anp DOROTHY E. 


McALLISTER 


Syracuse University 


That the presentation of a stimulus 
previously paired with electric shock 
can serve as the basis for the learning 
of another response is a well-estab- 
lished finding. The most convincing 
evidence is provided by a two-stage 
experiment. First, a neutral CS is 
paired with inescapable electric shock 
(UCS). Then the formerly neutral 
stimulus is presented without the 
shock, and Ss are allowed to make 
another (indicator) response which 
leads to the termination of the CS. 
Examples of such experiments are 
those of Brown and Jacobs (1949) 
and Kalish (1954). <A variation of 
these procedures was used in the 
original study of Miller (1948). Theo- 
retically, it is assumed that fear, as a 
response, is classically conditioned to 
the neutral CS in the first stage of the 
experiment. In the second stage, 
fear elicited by the CS serves as a 
motivator and its decrease, occurring 
when the CS is terminated, acts as a 
reinforcer for the learning of the 
indicator response. 

Despite the number of experiments 
which have supported the theory, 
difficulty in obtaining evidence for 
the acquired drive of fear with the 
above procedures has been reported 
(Brown & Jacobs, 1949; Solomon & 


1 These investigations were supported in 
part by a research grant, M-2064, from the 
National Institute of Mental Health, Public 
Health Service. The authors are indebted 
to Ronald A. Housman and Joseph F. Legg 
who aided in the collection and analysis of 
the data. <A report of these results was 
presented at the 1960 meetings of the Psy- 
chonomic Society. 


Brush, 1956, p. 221). Two prelim- 
inary experiments conducted in this 
laboratory, in which hurdle jumping 
was used as the indicator response, 
likewise yielded negative results. As 
a first step in attempting to account 
for these results, a study designed to 
determine the optimal shock intensity 
for conditioning begun. The 
initial results indicated that, regard- 
less of the shock level employed, the 
hurdle-jumping response not 
learned. Subsequent investigation 
revealed, however, that learning be- 
came evident when additional trials 
were given on the following day. 
Therefore, the study was redesigned 
and conducted as reported in Exp. I. 
The purpose of Exp. II was to ex- 
plicate the finding of Exp. I that 
learning occurred only on the second 
day of training. 


was 


was 


EXPERIMENT | 


The purpose of this study was to 
investigate the effect on  hurdle- 
jumping performance of the intensity 
of shock used during fear conditioning. 


Method 


Subjects—The Ss were 100 naive, female, 
hooded rats from the colony maintained by 
the Psychology Department at 
University. Nine additional Ss were dis- 
carded, 8 for apparatus failure and 1 because 
of extreme difficulty in handling during hurdle 
jumping. The Ss were randomly paired and 
five pairs were then assigned at random to 
each of 10 groups. Their ages ranged from 
103 to 258 days at the start of the experiment. 
The distribution of ages was approximately 
the same for the groups, with means varying 
between 143 and 168 days. 


syracuse 


110 





MEASUREMENT OF ACQUIRED FEAR 


A pparatus 
jumping apparatus were used 


Iwo shock boxes and a hurdle- 
rhe hurdle- 
jumping apparatus consisted of two boxes, 
93 in. long X 44 in. wide X 5 in. high (in- 
terior dimensions), separated by a }-in 
partition containing a guillotine door, 24 in. 
wide X 3 in. high, which rested on a hurdle 
2 in. high. The grid box, painted white, had 
a floor made of -in 
spaced ;% in. apart. The safe box, painted 
gray, had a plywood floor constructed so as 
A .01-sec. Standard 
Electric timer was started with the opening 
of the guillotine door and was stopped by 
depression of the floor 

The grid and safe boxes each had another 
box, 13} in. high, hinged to its top which 
contained light sources and acted as a cover 
The bottom of each upper box was covered 
with hardware cloth, 1 in. above which was 
inserted a pane of opal glass. A 74-w. lamp 
located in each of the upper boxes and a 40-w. 
lamp lecated in the box above the grid 
provided the intertrial and CS illuminations. 

So that Ss pairs, two 
separate shock boxes, wired in parallel, were 
used for the fear-conditioning phase of the 
experiment 


brass welding rods 


to serve as a floor switch. 


could be run in 


They were constructed to appear 
identical with the grid box of the hurdle- 
jumping apparatus. Hunter interval timers 
were used to control the presentations of the 
CS and the UCS 
the duration of 


a Haydon timer controlled 
the intertrial interval. Ex- 
cept for the use of a variac, monitored by a 
voltmeter, to control the level of shock to the 
grids, the circuit employed was that described 
by Wyckoff and Page (1954). A 100,000-ohm 
resistor was in series with each S. The grids 
were energized successively at a rate of two 


impulses, of about 13-msec. duration each, 
per grid per se 
Design and procedure The 


for each S required 4 days 


procedures 
rhe first 2 days 
were devoted to handling and to exploration 
of the hurdle-jumping apparatus. On each 
of these days each S was handled for two 10- 
min sessions and was allowed to explore Cat h 
side of the hurdle-jumping apparatus for 10 
min. with the guillotine door closed. During 
handling, E was seated in front of a table, 
34% X 172 in., enclosed on three sides with 
curtains. Handling consisted of alternately 
picking up and stroking S and placing her 
on the table to explore The sequence of 
treatment for 1 S of the pair was handling, 
exploration of the grid box, handling, and 
exploration of the safe box, for 10 min. each 
Since Ss in a pair were treated concurrently, 
the sequence for the other member began 


with exploration of the grid box. During 
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the first 5 min. of handling on the first day 
and the last 5 min. on the second day, S 
remained on the table and was not touched 
so that an activity measure could be obtained 
These data will not be discussed in this paper 

On the third day, Ss in each of five groups 
were forward-conditioning (FC 
trials. The CS was an increase in illumina 
from 7 to 115 ft-c, 
measured with a Weston illumination meter, 
Model 756. The UCS was a shock of 2-se 
duration which was presented 4 sex 
the onset of the CS. The intensity of shock 
delivered to the groups was either 30, 40, 50, 
60, or 100 v. Five other groups were given 
35 backward-conditioning (BC 
group at each shock level. 
15 sec. 


given 35 


tion of 6-sec. duration 


alter 


trials, 

For these groups 
intervened between the offset of the 
BC Ss, 
after placement in 
lo equalize the amount 
of time spent in them, FC Ss were placed 
in the boxes 605 sec 
A 2-min 


groups. 


shock and the onset of the CS. For 
trials were started 10 sex 
the shock boxes 
trial 
intertrial interval was used for all 


before their first 


Ten seconds 
trial, 
boxes. 


after the last conditioning 
Ss were removed to separate holding 

Approximately 2 min. later 25 hurdle- 
jumping trials were begun. On each trial 
S was placed in the grid box facing the guillo- 
tine door which was raised after 10 sex Phe 
CS was presented simultaneously with the 
raising of the door and was terminated by 
depression of the floor switch when S crossed 
the hurdle into the safe box. No shock was 
administered during this phase of the experi 
ment. When S jumped, the door was closed, 
and after 10 sec. S was returned to the holding 
box. If no jump occurred within 60 sec., S 
was removed to the holding box and a latency 
of 60 sec. recorded Che 
nately with a 
of 30 Set 


Ss were run alter 
intertrial 
Ss were weighed 


minimum interval 
After the trials, 
On the fourth day, 25 


jumping trials were given 


idditional hurdle 
On this day, if S 
on 10 consecutive 
terminated and 60 se 
was recorded for each of the remaining trials 


failed to jump within 60 sex 


trials, training was 
Throughout this paper, the 2 hurdle-jumping 
days will be referred to as Day 1 and Day 2 
Food and water were available at all times 


in the home cages 


Results 


In Fig. 1 the means of the recipro- 


cals of latency of hurdle jumping in 
five-trial blocks are plotted for each 


group. No evidence of learning ap- 
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Fic. 1. 


Mean reciprocal of latency of hurdle jumping as a function of blocks of five trials 


following forward and backward conditioning at each shock level. 
g g 


pears until Day 2 of hurdle jumping 
when, in general, the performances of 
those groups conditioned with the 
higher levels of shock improve. Ex- 
cept for the unusual performances of 
both 50-v. groups, for which no satis- 
factory explanation can be offered, 
there is an increasing monotonic 
relationship between mean _ perform- 
ance on Day 2 and intensity of shock 
for both FC and BC groups. The BC 
groups (except the one with 50 v.) 
performed as well as their FC counter- 
parts. 

Because the assumption of homo- 
geneity of variance was untenable, a 
trend analysis of variance was not 
used. To evaluate the changes in 


performance over the hurdle-jumping 


trials, a ¢ test for related measures 
was computed for each group using 
the means of reciprocals of latency 


on Trial Blocks 1 and 10. Using a 
5% coefficient of risk, adopted for all 
statistical tests reported in this paper, 
the 50- and 60-v. FC groups showed 
a significant gain in performance, 
while that for the 100-v. FC group ap- 
proached significance (¢ = 2.86, 3.18, 
and 1.93, df = 9, respectively). Of 
the BC groups, only the 100-v. group 
showed a significant gain (¢ = 2.80, 
df = 9). 

To determine the effects of intensity 
of shock and type of conditioning, the 
performance measures on Trial Block 
10 were transformed, because of the 
failure to meet the assumption of 
homogeneity of variance, and then 
subjected to a factorial analysis of 
variance. The measures for this 
block of trials were ranked over all 
groups and then eonverted to mean 
deviations f 


using an extension of 
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Table 
(1957) 
Since 


XX from Fisher 
provided by Porter (1958). 
the interaction between in- 
tensity of shock and type of condi- 
tioning was significant (FF = 3.31, 
df = 4/90), simple analyses of vari- 
ance were used to evaluate the dif- 
ferences among the means of the 
shock groups for each of the condi- 
tioning procedures. For the FC 
groups and for the BC groups, the 
means differed significantly (/=5.22 
and 2.76,df = 4/45, respectively). 
A comparison was then made _ be- 
tween the individual group means 
within each of the conditioning pro- 
cedures. For FC, the 50-, 60-, and 
100-v. groups were significantly su- 
perior to the 30- and 40-v. groups. 
For BC, the 100-v. group was sig- 
nificantly superior to the 30- and 
50-v. groups. No other 
was significant. 


and Yates 


difference 


A further analysis was made be- 
tween FC and BC groups for each 


level of shock. The 50-v. FC group 
was significantly superior to the 50-v. 
BC group. Since none of the other 
differences was significant and since 
both 50-v. groups performed in an 
unusual manner, it is difficult to 
interpret this finding. 


Discussion 


The general tendency for learning to 
improve with increases in the intensity 
of shock used during fear conditioning is 
in agreement with previous findings 
1960; Miller, 1951). Such 
a result would be expected since, pre- 
sumably, the amount of fear conditioned 
is related to the level of shock which, 
thereby, would determine the degree of 
learning of the indicator response. 


(¢ ,oldstein, 


consistent with 
those usually obtained. (a) Learning 
of the indicator response was not evi- 
denced until late in training (on Day 2). 
This finding will be discussed in connec- 
tion with the results of Exp. II. (0b) 


Two results are not 
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Learning of the indicator response oc- 
curred following BC procedures. Al- 
though Goldstein (1960) has recently 
reported similar findings, other investi- 
gators (Kalish, 1954; Porter, 1958) have 
found no learning in BC groups. Most 
likely such learning is based on fear 
conditioned to the apparatus cues which, 
when strong shock is used, is not extin- 
guished during the intertrial intervals. 
It should be noted that a period per- 
mitting extinction of fear to the appa- 
ratus cues was introduced between 
conditioning and hurdle jumping in the 
experiments of Kalish and Porter but 
not in that of Goldstein or in the present 
study. 
EXPERIMENT II 


The finding of Exp. I that learning 
of the hurdle-jumping response did 
not occur until Day 2 can be taken to 
indicate that either the elapse of a 
minimal time interval following con- 
ditioning or the administration of a 
minimal number of hurdle-jumping 
trials is a necessary condition for 
learning. The present experiment 
was designed to allow a choice be- 
tween these two alternatives. For 
some Ss there was a 1-day delay be- 
tween conditioning and hurdle jump- 
ing while for other Ss there was no 
delay. If the number of trials is the 
important variable, nodifference would 
be expected between the delay and 
no-delay conditions. If, on _ the 
other hand, the postconditioning delay 
interval is crucial, learning 
occur on the first day of 
jumping following the delay. 


should 
hurdle 


Method 


Subjects.—The Ss were 40 naive, female, 
hooded rats ranging between 98 and 111 days 
of age at the beginning of the experiment 
The source of Ss and the method of pairing 
and assigning Ss to groups were the same as in 
Exp. I. 

Apparatus—The same apparatus 
used as in the previous experiment 

Design and procedure.—Four groups of 10 
Ss each, two FC and two BC, were used. All 


was 
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procedures were the same as in Exp. I except 
that the shock level was 70 v. for all groups 
and that for two groups (FC-D and BC-D) 
there was a delay of approximately 22% hr. 
between the completion of conditioning and 
the beginning of hurdle jumping. For the 
other two groups (FC-ND and BC-ND), 
there was no delay beyond the minimal time 
needed to prepare the apparatus (approxi- 
mately 2 min.). 


Results 


The means of the reciprocals of 
latency of hurdle jumping in blocks 
of five trials for each of the groups 
are presented in Fig. 2. The superi- 
ority of performance of the FC-D 
group as compared with the other 
three groups is clearly evident on Day 
1 and is maintained on Day 2. The 
BC groups and the FC-ND group 
appear to perform similarly and at 
about the level throughout 
training. For the statistical analysis 
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of the differences between the groups, 
the reciprocals of latency on Trial 
Block 5 were transformed in the man- 
ner described in Exp. I and then 
subjected to a factorial analysis of 
variance with Delay (D or ND) and 
Type of Conditioning (FC or BC) 
as the factors. Since the interaction 
was significant (F = 9.03,df = 1/36), 
the simple effects were analyzed. 
For FC the D group performed better 
than the ND group (¢=4.45, df= 36) 
while for BC the groups did not differ. 
For the D condition, the FC group 
performed significantly better than 
the BC group (¢ = 3.95, df = 36) 
while for the ND condition the groups 
did not differ. Thus, under the condi- 
tions of this experiment, the Delay 
variable was effective only following 
FC while the Conditioning variable 
was effective only when a delay was 
used. 


Dey 4 
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Mean reciprocal of latency of hurdle jumping as a function of blocks of five trials 


following forward conditioning (FC) and backward conditioning (BC) with a delay (D) or 
with no delay (ND) between conditioning and hurdle jumping. 
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The changes in performance from 
Trial Blocks 1 to 5 were evaluated 
with ¢ tests for related measures. 
Only Group FC-D showed a signifi- 
cant improvement in performance 
(t = 4.36, df = 9). The failure to 
find any evidence for learning in 
Group BC-D probably can be at- 
tributed to the level of shock used 
since in later experiments, when 
higher levels of shock were employed, 
groups trained under that condition 
did learn. No evidence of learning 
was shown by the ND groups on either 
day. The lack of learning on Day 2 
in Group FC-ND is inconsistent with 
the results of Exp. I in which Group 
FC with a comparable level of shock 
(60 v.) did learn. From Fig. 1 and 2, 
however, it can be seen that the 
performances of these two FC groups 
are similar through the seventh block 
of trials. Only on the last three 
blocks of trialsis the performance of the 
Exp. I group noticeably higher. Since 


the absolute difference in performance 


is not great, it is probably most 
parsimonious to attribute the dis- 
crepancy to sampling error. The 
results for the BC groups with com- 
parable shock levels from the two 
experiments are consistent since learn- 
ing was not shown in either case. 
Discussion 

In this experiment, learning of the 
hurdle-jumping response occurred early 
in training only with an adequate post- 
conditioning delay. Thus, the failure 
to obtain any evidence of learning on 
Day 1 in Exp. I can be attributed to the 
use of an inadequate delay rather than 
to the lack of a sufficient number of 
hurdle-jumping trials. The results are 
consistent with those of other investi- 
gators (Brown & Jacobs, 1949; Kalish, 
1954; Kent, Wagner, & Gannon, 1960; 
Porter, 1958) who have reported rapid 
learning of the hurdle-jumping response. 
A similar delay was employed in these 
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studies following all, or the major portion 
of, the conditioning trials, but its use 
seems to have been fortuitous, and 
the relevance of this temporal variable 
in this type of experiment seems not to 
have been recognized. The existing 
data do not allow a determination of the 
critical length of delay. 

No evidence is provided by the present 
data concerning the nature of the events 
occurring during the postconditioning 
delay which leads to its effect on hurdle- 
jumping performance. Several possible 
interpretations can, however, be men- 
tioned. Two of these assume that the 
strength of the fear response varies in 
time. One example is the incubation of 
fear hypothesis (Bindra & Cameron, 
1953, p. 197). Another, based on the 
findings of Perkins and Weyant (1958), 
assumes that the strength of the fear 
response to generalized stimuli increases 
during the postconditioning delay. Since 
conditioning and hurdle jumping were 
carried out in different, although similar, 
apparatuses, stimulus generalization might 
be an important factor. Other inter- 
pretations rely on the variation in time 
of the strength of some factor which 
interferes with the operation of the fear 
response. For instance, it may be 
assumed that following conditioning a 
strong, general emotional state, which 
dissipates with time, is present as an 
aftereffect of shock (Amsel & Maltzman, 
1950). In this case, immediately fol 
lowing conditioning, hurdle jumping 
might not result in a sufficient decrease 
in total emotionality to be reinforced. 
On the other hand, it could be assumed 
that the cues resulting from this general 
emotionality elicit response in- 
compatible with hurdle jumping, such 
as crouching, which would interfere with 
the learning until the emotionality was 
dissipated. At this time 
firm grounds for choosing between these 


some 


there are no 


alternatives. 
SUMMARY 
Two experiments concerned with the 
classical conditioning of fear in rats and 


the measurement of its effect through the 
learning of another response (hurdle jumping) 
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were conducted. In Exp. I the effect of 
intensity of shock (30, 40, 50, 60, or 100 v.) 
used during conditioning was investigated. 
At each shock level one group was given for- 
ward conditioning (light-shock) and one, 
backward conditioning (shock-light). For 
all groups hurdle-jumping trials in which S 
could escape the light by jumping a hurdle 
were administered immediately following 
conditioning and were continued on the next 
day. Evidence of learning was obtained 
following both forward and backward condi- 
tioning but only on the second hurdle-jumping 
day. Performance, in general, was better 
following conditioning with the higher shock 
levels. The results of Exp. II indicated that 
learning does occur on the first day of hurdle 
jumping when a postconditioning delay of 1 
day is used, 
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OVERLEARNING AND POSITION REVERSAL ! 


M. R. D’AMATO anv H. JAGODA 


New York University 


In a previous paper (D’Amato & 
Jagoda, 1961) it was shown that the 
overlearning effect (the facilitation 
of discrimination reversal by extended 
postcriterion training) did not occur 
in a visual discrimination task if Ss 
were required (via forced trials) to 
have a moderate amount of experience 
with the negative stimulus (S_) during 
the postcriterion training. The inter- 
pretation of this result was that con- 
tinued experience with S_ during 
overlearning prevented a_ reduction 
in avoidance of that stimulus (as 
normally occurs, presumably, during 
extended overtraining), and with 
avoidance of S_ maintained at a 


relatively high level, facilitation of 
reversal learning was precluded. 
The purposes of the present studies 


‘were twofold. First, the preceding 
analysis of the overlearning effect is 
not as easily applied to position dis- 
crimination reversal, where there exist 
no positive and negative stimuli as 
such. And yet, the overlearning ef- 
fect has been reported in a position 
discrimination task (Pubols, 1956). 
One aim of the present studies, there- 
fore, was to determine whether, in 
position reversal, a moderate propor- 
tion of forced trials to the incorrect 
side during postcriterion training 
would similarly result in the disap- 
pearance of the overlearning effect. 
Second, in most overlearning studies 
(e.g., Birch, Ison, & Sperling, 1960; 
Bruner, Mandler, O’Dowd, & Wal- 
Chis research was supported by Research 
Grant M-2051 from the National Institute 
of Mental Health, National Institutes of 
Health, United States Public Health Service, 
and Grant G-14724 from the National Science 
Foundation, 
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lach, 1958; Pubols, 1956; Reid, 1953) 
the overtraining trials were distrib- 
uted over an extended period, some 
12 to 30 days, while the control Ss 
were reversed immediately 
reaching acquisition criterion. Since 
there is evidence that mere 
delay between acquisition and reversal 
serves to facilitate reversal learning 
(Bunch, 1939; Murofushi, 1957; 
Stevenson & Weir, 1959), the evalua- 
tion of this variable by the addition 
of an appropriate control group would 
seem advisable; such a control group 
is incorporated in two of the studies 
reported below. 


upon 


some 


EXPERIMENT | 
Method 


Subjects and apparatus.—The 
experimentally naive albino rats (25 males 
and 47 females), 80 to 130 days of age at the 
start of the study. 
discrimination apparatuses, 
elsewhere (D'Amato & 
used. 

Pretraining 


Ss were 72 


Four automatic Y maze 
fully described 
Jagoda, 1960), were 


Four days prior to the be- 
ginning of acquisition, Ss were placed on a 
standard 23-hr. water deprivation regimen 
Each S was placed in a darkened arm of the 
maze and permitted to drink five dipperfuls 
of water on the day preceding the beginning 
of acquisition; three dipperfuls were allowed 
on the subsequent day. 
Position acquisition.—All 
on a right position response. Ten trials were 
given on Day 1, S being forced on Trial 2 
to the side opposite to that chosen on Trial 1; 
on Trial 7, S was forced to the same side as 
that chosen on Trial 1. On all subsequent 
acquisition days, 20 trials per day were given, 
with 1 out of every 5 trials forced; 2 of the 4 
daily forced trials were to the incorrect 
(left) side. In order to facilitate generaliza 
tion between free and forced 
parent plastic doors were used 
On a correct choice the sequence of events 
was as follows. 


Ss were trained 


trials, trans 


The S was permitted 1.75 sec 
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+.25 sec. drinking (reward interval), timed 
from S’s first lap of water, after which the 
dipper retracted out of sight. The lights in 
the maze remained on for an additional 8 sec. 
A 45-sec. + 3 sec. intertrial interval followed, 
during which all lights in the maze were 
extinguished. Finally, a flashing light (60 
flashes per min.) of 4.5 sec. + .5 sec. duration 
signaled the beginning of the next trial. On 
an incorrect choice the sequence of events 
was identical, except that the dipper was 
retracted during the reward interval. The 
illumination in the right and left arms was 
identical and, using our standard procedure, 
measured 1.0 ft-c. It should be noted that, 
unlike most choice situations, no extramaze 
cues are available in our apparatus; thus, 
the position response, being uncorrelated 
with any cue, is very nearly a “pure” turning 
response. 

Fifteen to 30 min. after the day’s trials, 
Ss were watered for 1 hr. During acquisition, 
overlearning, and reversal the estimated 
average duration of water deprivation at the 
start of a day’s trials was 22.5 hr. 

As Ss reached acquisition criterion (18 
correct responses out of any 20 successive 
trials) in squads of 4, they were assigned at 
random to one of the following four groups 
(18 Ss per group). Group C was the standard 
control group, Ss of this group being placed 
on reversal the day after reaching criterion. 
Group CD was the added control group that 
had the beginning of its reversal training 
delayed the same length of time (8 days) 
occupied by the postcriterion training given 
to the overlearning groups. During these 
8 days, Group CD was maintained on its 
regular 23-hr. water deprivation schedule. 
Groups EC and EI were experimental groups 
that received the overlearning experience 
described below. 

Overlearning and reversal—Groups EC and 
EI received 160 overlearning trials, 20 per 
day for 8 days, with 4 (20%) of each day's 
trials being forced. For Group EC, all forced 
trials were to the correct (right) side; for 
Group EI, all forced trials were to the incor- 
rect (left) side. Apart from this difference, 
the two groups received identical treatment 
during overlearning. 

For all groups reversal training consisted 
of 20 trials per day, all free. Reward, of 
course, now appeared in the left arm of the 
maze. The reversal criterion was the same 
as employed during acquisition. 


Results and Discussion 


The 


lequisition and overlearning. 
mean numbers of free trials to acquisi- 
tion criterion were 38.1, 40.3, 39.4, 
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and 40.1, for Groups C, CD, EC, and 
EI, in that order. Group EC aver- 
aged 5.6% errors on the 128 free 
overlearning trials, while for Group 
EI the corresponding value was 9.9%, 
the difference between the groups 
being nonsignificant. 

Reversal.—Using the individual 
(trials to criterion) acquisition scores, 
Ss of each of the four groups were 
divided into three levels (6 Ss per 
level), reflecting the speed with which 
the acquisition criterion was attained. 
A Treatments X Levels analysis of 
variance was then applied to the 
trials to reversal criterion data. The 
F for treatments alone proved signifi- 
cant (F=21.12; df=3/60; P<.01). 
In the pairwise ¢ tests that were 
applied to the group means (which 
appear in the first row of Table 1), 
Group EI emerged significantly in- 
ferior to all other groups (P < .001 
in all comparisons). However, all 
other pairwise differences fell far short 
of significance. Similar analyses based 
on the mean numbers of errors to 
reversal criterion yielded similar re- 
sults. 


In agreement with previously reported 
results (D’Amato & Jagoda, 1961), the 
data of the present experiment clearly 
show that forced trials to the incorrect 
side during overlearning sharply inter- 
fere with position reversal learning. 
However, it is equally clear that the 
overlearning effect has not been obtained. 

One possible explanation for the ab- 
sence of the overlearning effect is sug- 
gested by the results of Group CD, the 
group that had reversal training delayed 
for 8 days. It will be observed from 
Table 1 that this group had the smallest 
mean number of trials to reversal cri- 
terion, though not significantly 
Since, as earlier mentioned, many studies 
reporting the overlearning effect have 
distributed the overtraining trials over 
a minimum of 12 days, and since there 
is some evidence that delay between 
acqusiition and reversal can facilitate 
reversal learning, the possibility arises 
that the overlearning effect is some joint 


so. 
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TABLE 1 


MEAN NUMBERS OF TRIALS TO REVERSAL 
CRITERION 


Group 
N per 
Group 





Cc CD cC EI 


18 
177.6 10 
157.0 13 


85.8 | 181.9 
93.9 
101.8 


76.4 66.6 
91.2 79.4 
86.0 








function of number of overtraining trials 
and the time elapsed between achieve- 
ment of acquisition and the beginning 
of reversal learning. There is a plausible 
similarity between the operation of over- 
learning and that of interposing a delay 
between acquisition and reversal learn- 
ing. In the latter, S is removed from 
the experimental situation for a period 
of time and therefore has no experience 
during this delay with either the positive 
or the negative stimulus. In the former, 
since few errors are normally made dur- 
ing overtraining, experience with the 
negative stimulus (or with the incorrect 
response) can be considered to be vir- 
tually terminated during the greater 
part of the overlearning phase. 

Thus, a second experiment was run 
which was closely similar to Exp. I with 
the important difference that 10 rather 
than 20 trials per day were given through 
all phases of the experiment. The 160 
postcriterion trials therefore required 
16 rather than 8 days. 


EXPERIMENT II 
Method 

Subjects and apparatus.—Forty experi- 
mentally naive albino Ss (23 males and 17 
females) 85 to 100 days of age were used. 
In this study opaque rather than transparent 
doors were used, a change necessitated by 
the requirements of other, concurrently run, 
studies. 

Procedure-—The only differences in the 
procedure of this and the preceding experi- 
ment were that (a) 10 trials per day were given 
during acquisition, overtraining, and reversal; 
and (b) the intertrial interval was increased 
from 45 to 60 sec. Two (20%) of the daily 
acquisition overlearning _ trials 
forced. 

The 40 Ss were assigned to Groups C, CD, 


and were 
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EC, and EI, 10 Ss per group, in such a 
manner as to equate for acquisition means 


Results and Discussion 


Acquisition and overlearning.—The 
mean numbers of free trials to acquisi- 
tion criterion for Groups C, CD, EC, 
and EI, respectively, were 57.7, 53.6, 
53.1, and 50.1. Of the 128 free post- 
criterion trials Group EC averaged 
8.1% errors and Group EI, 4.8%. 
The difference between the group 
means again proved statistically non- 
significant. 

Reversal.—A simple analysis of vari- 
ance applied to the trials to criterion 
data showed the group means to 
differ significantly (F =5.45 ; df =3/36; 
P< .01). The group means are 
presented in the second row of Table 
1, and it may be seen there that the 
results of this experiment are in close 
agreement with those of Exp. I. 
Group EI once again reversed sig- 
nificantly more slowly than any other 
group (P < .005 for all pairwise ¢ 
tests). Again Group CD had the 
lowest mean number of trials to 
reversal criterion, but not significantly 
so. And once again the overlearning 
effect was not obtained. 

Although the detrimental effect on 
reversal learning of forced overlearning 
trials to the incorrect side has been veri- 
fied, the overlearning effect remains elu- 
sive. Only one reasonable possibility 
occurred to us as a likely explanation, 
namely, that the number of overlearning 
trials, although at least equal to that 
employed in other reported studies, 
may have been insufficient. Thus, Exp. 
III was initiated in which the number of 
overtraining trials was increased from 
160 to 300. 


EXPERIMENT III 
Method 


Subjects and apparatus.—The 
experimentally naive albino rats (18 males 
and 21 females) 90-95 days of age at the start 
of the study. Opaque doors were again used 
in the Y maze apparatus 

Procedure.—This_ experiment followed 
closely Exp. I, with the following exceptions 


Ss were 39 
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(a) a 57-sec. intertrial interval was employed ; 
(6) 300 overlearning trials were given (20 
per day); (c) the acquisition and reversal 
criteria were made more stringent by requiring 
that the last 10 of the criterional trials be 
correct. 

Since the acquisition-reversal interval was 
approximately the same as employed in the 
previous experiment, Group CD was elimi- 
nated from the present study. Thus, Groups 
C, EC, and EI contained 13 Ss each, assigned 
in the usual manner. 


Results and Discussion 


Acquisition and overlearning.—The 
mean numbers of free trials to acquisi- 
tion criterion were 61.7, 62.7, and 
61.7 for Groups C, EC, and EI, in 
that order. On the 240 free over- 
learning trials Groups EC and El 
averaged 2.9% and 4.1% errors, 
respectively. The difference between 
the group means was not significant. 

Reversal—The mean numbers of 
trials to reversal criterion are pre- 
sented in the third row of Table 1. 
The results closely parallel those of 
A simple analysis of 
applied to the trials to 


Exp. I and II. 
variance 
criterion data produced an F of 5.42 


(P = .01). Group EI was signifi- 
cantly inferior to Group EC (P <.02) 
and to Group C (P<.005). Once 
again the overlearning effect failed 
to occur. (The Group C vs. Group 
EC comparison falls far short of 
significance.) 


The results of the three experiments 
are consistent in demonstrating that 
severe retardation of reversal learning 
can be induced by a relatively small 
amount of forced incorrect responding. 
The marked inferiority of the EI groups 
in reversing suggests that avoidance of 
the incorrect place, or of the negative 
stimulus, is far from asymptotic at the 
time S achieves criterion and reasonable 
habit mastery. Apart from theoretical 
considerations, one practical implication 
of this fact is that in a choice situation 
habit persistence can possibly be aug- 
mented much more efficiently by forced 
incorrect responding than by the more 
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natural method of permitting a moderate 
amount of free overtraining. 

Our consistent failure to find the over- 
learning effect is difficult to understand 
in view of the relatively large number of 
reported studies in which the overlearn- 
ing effect was obtained. It is not likely 
that the absence of the overlearning 
effect can be attributed to an excessive 
rate of incorrect responding in Group 
EC, might be deduced from our 
interpretation of the overlearning effect. 
In Exp. III, Ss of Group EC averaged 
only 2.9% errors during overlearning; 
furthermore, analysis of the individual 
error scores showed that speed of reversal 
was not strongly related either to errors 
made during overlearning or to the sum 
of acquisition and overlearning errors. 

A major difference between the present 
experiments and those in which an over- 
learning effect was reported lies in our 
use of forced trials during acquisition 
and overlearning. In Exp. IV the possi- 
ble effect of this variable in the pre- 
ceding studies was evaluated by eliminat- 
ing forced trials during the acquisition 
and overlearning phases. In addition, 
the number of postcriterion trials was 
extended to a maximum of 800. 


as 


EXPERIMENT IV 
Method 


Subjects and apparatus.—The Ss were 36 
experimentally naive female albino rats, 
115-150 days of age at the start of the study. 
The Y mazes with opaque doors were again 
used. 

Procedure.—Except for the elimination of 
forced trials and the number of postcriterion 
trials employed, the procedure closely paral- 
leled that of Exp. III. The Ss were trained 
to criterion on a right-turning response and 
placed on reversal learning after 0, 200, 400, 
or 800 postcriterion trials (9 Ss per group). 
Twenty trials per day were given through 
all phases of the experiment, so that the 800 
group was on overlearning for 40 consecutive 
days. All Ss were given a minimum of 7 days 
on reversal learning. 


Results 


Acquisition.—The mean numbers 
of trials to acquisition criterion for 


the groups having 0 (the control 
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group), 200, 400, and 800 postcri- 
terion trials were, in order, 48.9, 50.8, 
51.6, and 54.6. 

Reversal—The mean numbers of 
trials to reversal criterion were, in the 
same order, 58.7, 111.7, 91.1, and 
103.7. A simple analysis of variance 
showed the group means not to differ 
significantly (F = 2.18; df = 3/32; 
10 < P< .15). <A trend analysis 
based on the data of the first 7 re- 
versal days indicated that the groups 


did not differ significantly with re- 


spect to the sum of correct responses 
The 


differences between the groups’ linear 


made over the 7 reversal days. 


trends, as well as between their 


quadratic trends, were also non- 


significant. 


DISCUSSION 


The results of Exp. IV are in accord 
with those of Exp. I, II, and III 
restrict the conditions 
which the overlearning effect 
expected. Although one may maintain 
that the 800 postcriterion 
insufficient to 


and 
range of over 
can be 
trials were 
obtain the overlearning 
effect, it should be noted that this num- 
ber of overlearning trials is vastly greater 
than the numbers used in _ previous 
that have reported the effect. 
As to the question of the disparity be- 
tween the present results and those of 
Pubols (1956), we can only 
suggestion that the may be 
related to the fact that extramaze cues, 
apparently abundantly available in the 
latter study, are totally lacking in our 
apparatus. 


studies 


offer the 
difference 


this factor could 
not easily explain the appearance of the 
overlearning effect in the “response 
learning”’ groups of the Brookshire, 
Warren, and Ball (1961) study. 

It is unlikely that the absence of the 
overlearning effect in the present studies 
could 


However, 


have been predicted from the 
Birch et al., 1960) 


that the effect may be attributable to a 


recent suggestion (e.g., 


nonmonotonic relation holding between 
number of acquisition trials and resist- 


ance this 


to extinction. According to 
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interpretation, reversal is faster after 
overlearning simply because overtraining 
leads to faster extinction of the approach 
response or, more generally, of the orig- 
inal habit. This hypothesis, it may be of 
interest to note, was first proposed by 
Jackson (1932) in what was most likely 
the first overlearning study. 

Apart from the problem of handling 
the results of the present experiments, 
the hypothesis of nonmonotonicity be- 
tween amount of acquisition training 
and resistance to extinction apparently 
does not generally describe the relation- 
ship between acquisition level and re- 
sistance to extinction, although there 
exists some confirming evidence (Murillo 
& Capaldi, 1961; North & Stimmel, 
1960; Senko, Champ, & Capaldi, 1961). 
The major counterevidence comes from 
studies employing the bar pressing re- 
sponse in a simple instrumental setting 
(e.g., Harris & Nygaard, 1961; Margu- 
lies, 1961). In our own laboratory, using 
a continuous schedule, 
we have found resistance to extinction 
of the bar pressing response to increase 
over groups having 278, 995, and 7070 
mean numbers of acquisition responses, 
distributed over 2, 3, and 21 
respectively.” 


reinforcement 


days, 


We are apparently faced with the 
following situation. Where the over- 
learning effect occurs, one can logically 
attribute the more rapid reversal of the 
overtrained Ss to faster extinction of the 
formerly correct and there 
even exists some independent evidence 
that in certain situations this may be 
the correct interpretation (Birch et al., 
1960). Where effect 
fails to occur, as in the present experi- 
ments, it 


response, 


the overlearning 


is of course conceivable that 
the failure is assignable to the absence 
nonmonotonic relation between 
amount of acquisition training 


resistance to extinction, i.e., 


of a 
and 
within the 
latter experimental conditions acquisi- 


tion level 


and resistance to extinction 


enjoy the classical monotonic relation- 


As already indicated the available 
evidence, even within the confines of an 


ship. 


2 The research was 


Sperber and S. Gillman 


conduc ted by 
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instrumental response, is not unam- 
biguous. The North and Stimmel (1960) 
study is the only one known to the 
writers in which extinction of a simple 
instrumental response (starting time in a 
runway) was found to be nonmono- 
tonically related to amount of acquisition 
training. In the Murillo and Capaldi 
(1961) and the Senko, Champ, and 
Capaldi (1961) studies S was required to 
guess whether or not a piece of cloth 
was present in a covered well by re- 
sponding “in” or “out."’ Their ‘‘ex- 
tinction”’ trials (cloth no longer present 
in well) were really reversal trials since 
S was reinforced for responding ‘‘out.”’ 
Thus, in reality they were dealing with 
the effects of overtraining on reversal 
learning rather than on extinction, and 
it is only inferentially that their results 
can be claimed as support for the hy- 
pothesis of between 
amount of training and resistance to 
extinction. 


nonmonotonicity 


It seems apparent that if the overlearn- 
ing effect is to be explained in terms 


of an underlying relationship between 


amount of and 


resistance 


acquisition training 
the variables 
influencing the latter relationship will 


have to be well specified before it can 


to extinction, 


serve as a useful explanatory mechanism. 
Most probably these variables can best 
be isolated studied within the 
context of a simple instrumental re- 
sponse. 


and 


SUMMARY 


Four experiments were conducted in- 
volving extensive overtraining of a position 
discrimination habit in rats. In Exp. I, II, 
and III, reversal learning of the position 
response was consistently and markedly re- 
tarded in those Ss that had a moderate pro- 
portion of their postcriterion trials forced 
to the incorrect side. In all three experiments, 
however, Ss that had the same proportion 
of postcriterion trials forced to the correct 
side did not show the overlearning effect, i.e., 
they did not reverse faster than control Ss that 
received no overlearning experience In 
Exp. IV, run with all free trials, the over- 
learning effect again failed to appear, although 
the number of 
increased to a maximum of 800. 


postcriterion trials was 
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THE VON RESTORFF ISOLATION EFFECT WITH 
MINIMAL RESPONSE LEARNING! 


ARTHUR R. JENSEN 


University of California 


H. von Restorff (1933) found that 
when an “‘isolated’’ or perceptually 
emphasized item was included in a 
list of relatively homogeneous items, 
Ss would learn the isolated item 
quickly as compared with nonisolated 
items. The experimental literature 
and the numerous theoretical at- 
tempts to explain this phenomenon 
have been reviewed in a series of 
articles by Newman and Saltz (1958; 
Saltz & Newman, 1959, 1960). They 
concluded that the primary effect 
of isolation is to accelerate the learn- 
ing of the isolated item as a response 
(Saltz & Newman, 1959, p. 450). 
Their experiments showed that the 
isolated item was indeed learned more 
rapidly than 


iS a response a non- 


isolated item in the same serial posi- 


tion; the isolated item was emitted 
more frequently and occurred more 
often as an intrusion. 

Learning a serial list of words or 
nonsense syllables, as in the Saltz 
and Newman involves two 
phases: response learning and learn- 
ing the order of the items. 
Thus, we may ask whether or not 
the isolation effect is manifest in the 
serial learning phase as well as in the 
response learning phase. ‘The facili- 
tation of response learning, empha- 
sized by Saltz and Newman, 
possibly only one result of isolation, 
and by itself may be inadequate to 
explain the total phenomenon. 

The present experiment examined 
the isolation effect 


studies, 


serial 


1S 


under conditions 


' This research was 


National Science Foundation 
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in which (a) all the items in the list 
were already known to S so that all 
he had to learn was their serial order, 
and in which (6) S need not make a 
different response in the isolated than 
in the nonisolated condition, i.e., the 
isolated and nonisolated were 
identical in terms of the responses S 
was required to make. 


lists 


METHOD 


Subjects 
recruited 


[Twenty men and 20 w 
from an introductory 
educational psychology 

Procedure.—To eliminate r at least 
minimize response learning, the serial lists 
in the experimental and control conditions 
were composed of 


ymen were 
course in 


oO 


nine colored geometric 
forms: triangles (T), circles (C), and squares 
(S) colored red (R), yellow (Y), and blue (B) 
Each shape appeared once in each of the 
three colors; stimuli of the same shape or color 
were never adjacent to each other in the list 
The nine-item series was always preceded by 
three small white dots which served as the 
signal for anticipating the first item 

The stimuli were automatically projected 
onto a ground glass screen 2 ft. square. The 
figures were approximately 4 in. in size on the 
screen and the colors were vivid. 
of presentation was 3 sec. 
6-sec 


The rate 
per item, with 
The S sat approxi- 
mately in front of the screen 

The tested individually. The 
experimental and control groups were given 
identical instructions. The S told he 
would have to learn to a criterion of one 
perfect trial the order in which nine stimuli 
repeatedly appeared on the rhe 
stimuli named = was then 
asked repeat the €.g., RED TRI- 
ANGLE, etc. All Ss were easily able to give 
all the necessary reponses before beginning 
the serial learning. The Ss learned by the 
anticipation method, responding by saying 
RED SQUARE They were urged to begin 
guessing on the very first trial and to gues 
when in doubt on subsequent trials 


a 
intertrial interval. 
10 ft. directly 
Ss were 


was 


screen 


were for who 


to names, 


» CO 
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TABLE 1 


SUMMARY DaTA FOR CONTROL AND EXPERIMENTAL GROUPS 


Trials for Mastery 
of List 
Group 


*P < 001. 


Experimental conditions.—The order of the 
stimuli for Group C (Control) (N = 20) was: 
RS, WCU, Bs, ¥1, RC, BT, ¥S, Ri, BC. 

Previous experiments have shown that in 
a nine-item list Position 6 is generally the 
most difficult to learn. Therefore in the 
present experiment the sixth item 
“isolated” or emphasized in Group E (Ex- 
perimental) (N = 20). The rest of the list 
was the same as that learned by Group C. 
For Group E, instead of an actual blue tri- 
angle in Position 6, the words BLUE TRI- 
ANGLE appeared, printed in letters 2 in. high 
on the screen. 


was 


Thus, Group E was required 
to learn the same responses as Group C; only 
the stimulus properties of the item in Position 
6 differed for the two groups. The names 
of the shapes and colors, which are high 
frequency words in the Thorndike-Lorge 
word count, are probably so high in terms 
of response availability that it seems safe 
to assume there would be no appreciable 
difference in the strength of the naming re- 
sponse to the actual blue triangle and to the 
words BLUE TRIANGLE, especially none that 
would be evident under the 3 sec. anticipation 
time allowed in the present experiment. 


RESULTS AND DISCUSSION 


The results are summarized in Table 
1 and Fig. 1. The serial-position 
curves in Fig. 1 were obtained by 
determining each S’s percentage of 


errors at each position and averaging 
these 


percentages for each group. 
Though response learning per se was 
practically eliminated by the method 
of the present experiment, the isola- 
tion effect was clearly manifested, 
the difference between Groups E and 
C in percentage of errors at Position 6 


Percentage Errors at 
Position 6 


Order of Learning Percentage Intrusions 
Position 6 of Item 6 


being significant (P < .001). The 
large percentage of errors at Position 
7, immediately following the isolated 
item, contradicts the idea that isola- 
tion has the effect of breaking the list 
into two parts, each of which may be 
learned as a single list. This finding 
agrees with the conclusion of Newman 
and Saltz (1958) that the more rapid 
learning of the isolated item does not 
increase its effectiveness as a stimulus 
for eliciting the next item in the series. 

As can be seen in Table 1, the 
groups did not differ significantly in 
the number of trials required to learn 
the list, which is also what Newman 
and Saltz (1958) found. Unlike the 


18 





16 


14 


Mean Per Cent Errors 








34 5 | 


Serial Positi 


Fic. 1 Serial-position curves showing the 
isolation effect at Position 6 for Group E. 
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Newman and Saltz data, however, the 
conditions of the present study pro- 


duced no significant differences be- 
tween Groups E and C in the per- 
centage of intrusions of Item 6 as an 
error in other positions. Saltz and 
Newman (1959) found that the iso- 
lated item was more likely to be 
emitted on the trial, 
alter a single presentation of the list. 
In the present study the total fre- 
quency with which BLUE TRIANGLE 
was given as a correct response on 


second 1.€., 


Trial 2 in Groups C and E was 2 each. 
BLUE TRIANGLI 
incorrect Trial 2 
in Groups C and E were 10 and 13, 
respectively. 


The frequencies of 


as an response on 


The difference is non- 
significant. 


The positions in the list were ranked 
for each S in the order that S learned 
them. The rank of a position was based 
on the number of the which 
the last error occurred for that position. 
Table 1, the groups differed 
significantly in the mean rank order of 
learning Position 6. 
that 
ranked in the order in which they are 
learned, the 


trial on 
As shown in 


It has been found 
when the items of a serial list are 


increment in errors on each 
item is a constant proportion of the total 
errors for all items (Jensen, 1962). A 
corollary is that for a given S the same 
number of trials (or reinforcements) 
is required to learn each item, once the 
previous item in the order of learning 
has attained the criterion of learning. 
In other words, it appears that all the 
items in a serial list are of equal difficulty 
as regards the learning of their serial 
positions. Since all the items cannot be 
trial 
within S’s 

they 


particular 


whole 
memory 


learned in one (unless the 


list is immediate 
are necessarily learned in a 
The serial-position 
curve would result from the high degree 
of unanimity among Ss in the order of 


span) 


order. 


learning the items. isolation 
changes the order of learning, so that 


the isolated 


Though 


item is learned sooner, it 


does not seem to be any easier in rela- 


tion to the previously learned item 


ISOLATION 


EFFECT 12: 
(regardless of its position) than is a 
The 
tween the percentage of errors on Item 6 
and the previously learned item were 
2.43 2.69 for Groups C and E, 
respectively. The hypothesis that isola 
tion of an item changes only its order of 
being learned but not 


nonisolated item. differences be- 


and 


its difficulty is 
consistent with the general finding that 
isolation does not facilitate the learning 
of the list as a whole. 


SUMMARY 


efiect was 
examined under conditions which minimized 
the role of learning Forty Ss 
learned by the anticipation method the serial 
order of nine colored geometric forms, all of 
which Ss could readily 


The von Restorff isolation 


response 


recall before having 

All Ss learned the 
only the stimulus properties 
of the isolated item differed in the experi- 
mental condition 


to learn their serial order 
Same responses ; 


The isolation effect was clearly manifested, 
showing fewer errors at the isolated position 
The facilitation of response learning ap- 
parently is not the only effect of isolation 
and by itself cannot explain the total phe- 
nomenon. The number of intrusions of the 
isolated item did not differ significantly from 
that of the nonisolated item in the same posi- 
tion, nor did isolation facilitate learning the 
over-all list. It was suggested that when the 
effects of response learning per se are elimi- 
nated, isolation merely changes the order of 
learning the positions of the items in the 
serial list 
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A COMPARISON OF REACTION TIME AND VERBAL REPORT 
IN THE DETECTION OF MASKED STIMULI! 


ELIZABETH FEHRER 


AND IRVING 


BIEDERMAN 


Brooklyn College 


Fehrer and Raab (1962) found that 
reaction time (RT) to a visual stim- 
ulus was not affected when the stim- 
ulus was ‘‘masked’’ by subsequent 
stimulation of neighboring retinal 
areas (metacontrast). It was pointed 
out, however, that even when the test 
stimulus was phenomenally not pres- 
ent it did affect the appearance of 
the masking stimuli, under 
these conditions the masks exhibited 
a readily detectable phi movement. 
In other words, the test stimulus, al- 
though masked as such, exerted both 
phenomenal effects, since its presence 
produced a change in the appearance 
of the masks, and behavioral effects, 
since it elicited as fast an RT as when 
it was presented alone. 

The problem of the present experi- 
ments was to determine whether RT 
to a test stimulus would remain un- 
affected under masking conditions in 
which the presence of the test stimulus 
could not be detected phenomenally. 

In the Fehrer and Raab study, the 
stimulus display consisted of three 
adjacent 2 X 2 in. light cells. The 
center square provided the test flash ; 
the two flanking squares, the masking 
flashes. The luminance of all stimuli 
was approximately 18 ft-L. 

A suitable testing condition for the 
present experiments required a test 
stimulus which was (a) sufficiently 
weak so that its presence could not be 
detected when the masking stimuli 
followed it, but also (6) sufficiently 
intense so that RT to it alone was 
faster than RT to the masking stimuli 


since 


' This research was supported by Grant 
G-6456 from the National Science Foundation. 


plus the stimulus-onset delay (Af). 
Unless this second provision obtains, 
it is not possible to determine whether 
a reaction to the combined stimuli 
has been initiated by the flashing of 
the test stimulus or by the masks. 
For example, if RT to the test stimu- 
lus when presented alone is 200 msec., 
and RT to the masks alone is 150 
msec., then, at At = 50 msec., it is 
not possible to tell whether an RT of 
200 the combined stimuli 
has been set off by the test or by the 
masking stimuli. At At = 75 msec., 
however, RTs averaging 200 
can be attributed to the test stimulus 
since here, if the reactions were to the 


msec. to 


msec. 


masks, they would average 225 msec. 
(150 msec. plus 75 msec. for the At.) 

These two requirements could not 
be fulfilled when both test and mask- 
ing stimuli were brief light flashes. 
As the luminance of the test flash was 
reduced, RT to it became too long 
to meet the second requirement. In 
other words, at Af’s at which phe- 
nomenal report failed, RT to the test 
stimulus alone was longer than RT 
to the masks plus the At. 

A. different however, 
was found to be When 
the test stimulus consisted of a brief 
extinction of the otherwise constantly 
illuminated center square, then, when 


condition, 
suitable. 


the masks (the two flanking squares) 
were flashed on, either simultaneously 
with the darkening of the center or 
slightly later, the darkening of the 
center square became impossible or 
very difficult to detect. Moreover, 
RT to the extinction of the test 
square alone was sufficiently rapid to 
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distinguish it from RT to the masks 
at certain Al's. 
therefore, that was explored in the 
present experiments. 


It was this condition, 


MAIN EXPERIMENT 
Method 


Subjects.—The authors served as Ss. Both 
were well practiced in R1 

A pparatus.—The apparatus, described fully 
in a previous report (Fehrer & Raab, 1962), 
allows for the presentation of brief flashes of 
light or periods of darkness at 


stimulus-onset delays. The stimulus control 


spec ified 


panel and E were located in one room; the 
display and S in another. 

Che stimulus display 
adjacent 2 X 2 in 
a cold cathode fluorescent lamp. The lamps 
were of the mercury vapor type, and coated 
with a calcium halo phosphor. When flashed, 
they yielded reasonably rectangular pulses 
of light 


three 
light cells, each housing 


consisted of 


The center square area provided 
the test stimulus; the two flanking squares, 
the masking stimulus. The luminance of the 
layer of diffusing 
tissue across the front of the light cells, 


approximately 18 ft-L 


stimuli, measured at a 


Was 
18.5 


long 


\ 2-in. wide wooden frame, 

and 8.5 in. high, holding a sheet of polished 
glass, was pressed flat across the 
ing the light cells 
illuminated at a level so low 


tissue cover 
dimly 


that it did not 


This frame was 


become visible until after 5 min. of dark 


adaptation 
The S was seated 15 ft 
At this distance, the 


of the array was 2 


from the display 
horizontal visual angle 

Foveal fixation was employed throughout 
Since the 


illuminated except for the brief test periods of 


center square was constantly 
darkness, no fixation point was required. The 
S was instructed to fixate the center of the 
test square when he heard the warning tone 
Between trials, he looked at a dark area of 
the room 

The test stimulus 
msec. extinction of the light in the center 
square. The masking stimuli were 100-msec. 
flashes of light in the two flanking squares. 
The stimulus-onset delays 
10, 20, 30, 50, and 75 msex 

RT trials were presented once every 15 se 
Each trial began with a 1-se 
which was followed by a 2.9-, 3.2-, 
silent foreperiod. 
switch selected. RT 


throughout was a 5- 


studied 


were QO, 


or 3.5-sec. 


onset of the extinction of the light in the test 


warning tone 


The three foreperiods were 
was measured from the 
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square until S depressed a normally closed 


telegraph key. KTs to the test event alone 
and to the test-plus-masks could be read 
directly from the counter. RTs to the masks 
alone included the duration of the At, since, 
when no test stimulus was presented, the 
counter was started at the onset of the delay 
period. 

Each S 


sessions, 5 at 


Procedure 
mental 


served in 30 experi 
each of the six At’s 
rhe first part of each session was devoted to 
Phirty 
six RTs were measured at each session, 12 to 
the test stimulus alone, 12 to the masking 
stimuli and 12 to the 
Che three stimuli were presented in random 


RT; the second part to verbal report 


alone, combination 
order and foreperiods were also randomized 
The longest and the shortest RT of each 12 
yielding 10 RTs for 
stimulus per session. Since five sessions were 
run at each Af, each mean for each S is based 
on 50 R Is 


Each session began with 5 min. of 


were discarded, each 


dark 
adaptation after which the center light was 
turned on. Three practice RT trials preceded 
the recorded reactions. A 1-min 
followed the eighteenth reaction 


rest period 


Verbal reports were obtained in the follow- 
ing way. First, E presented two examples 
of each of the two stimuli, correctly labeled 
rhereafter, a total of 20 stimuli, either masks 
test-plus-masks, 
according to sequences determined by a table 
numbers The 
interval was 15 sex 
the 2.9-se 


alone or were presented 


of random interstimulus 
The warning tone and 
silent foreperiod prec eded each 
After S judged which of 
stimuli had 


presentation. 


two been presented, he was 
informed immediately whether he was correct 
If S could not decide whether the test stimulus 
was present, he was allowed to request a 
repetition of the stimulus presentation. On 
the average, 1.8 such requests were made per 


Since five sessions were devoted to 


session 
each Af, there were 100 verbal re ports at eac h 
delay The se quence Of sessions was counter 


balanced in respect to Af 


Results 


The mean RTs to the test, masking, 
and combined stimuli at each of the 
six At’s are shown in Table 1. The 
SDs (not shown) averaged 15.5, 10.4, 
and 11.7 The 


msec., respectively. 


percentages of correct verbal reports 
appear in the last column of the table. 


Setter than chance (P < 
tion is 


.05) detec- 


indicated by percentages of 
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rABLE 1 


MEAN REACTION TIMES AND PERCENTAGES 
OF CORRECT VERBAL REPORTS CLASSI- 
FIED BY STIMULUS-ONSET DELAY 
(At) 


Reaction Times 


Correct 
Reports 


Test Masks Comb. 


170.0 162.9 


159.4 
56.7 155.9 


182.3 156. 


171.3* 
166.7 


174.9%» 
167.98.» 


176.8” 
170.3» 


180.1» 


® Mean RT to combination significantly 
faster than RT to test stimulus. 

b Mean RT to combination significantly 
faster than RT to masking stimuli 


60 or higher. (When N = 100, the 
standard error of 50% is 5°.) 

It is readily apparent that 
accuracy of the verbal reports im- 
proved with increase in At. This 
trend is, therefore, different from that 
found when both test and masking 
stimuli are equally luminous flashes 
of light presented in an otherwise 
dark room. In the latter situation, 
degree of masking (in this 
darkening) of the test flash increases 
with At up to about 75 The 
present experiment has that 
maximum masking of a brief period 
of darkness (as a result of the illumi- 
nation of adjacent retinal 
occurs with simultaneous presenta- 
tion of test and masking stimuli. 
For 1 S, better than chance detection 
of the pulse of darkness required a At 
of 30 msec. The other S performed 
somewhat above chance level at all 
At’s other than 10 msec. 


the 


case, 


msec. 
shown 


areas) 
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RT to the masks alone was faster 
than that to the test stimulus alone. 
The presented in 
Table 1 include the delay time. Net 
values for the purpose of this com- 


mask values as 


parison, therefore, require subtraction 
of At. 

At the At of zero, the mean RT to 
the combined stimuli was virtually 
the same as RT to the masks and thus 
considerably faster than RT to the 
test stimulus. This that 
the reaction to the combination was 
most probably initiated at the time 
of the presentation of the masks. 
The test stimulus had 
discernible effect. 

Subject EF’s reaction to the com- 
bined stimuli at Af 
seems to have been initiated by the 
masks. Subject IB, on the other 
hand, reacted as fast to the test 
stimulus as he did to the masks plus 
the At. 
faster than that to either component, 


indicates 


no clearly 


10 msec. also 


His RT to the combination, 


cannot be attributed to either stimulus 
alone. 


At the At of 20 msec., both Ss reacted 
about as fast to the test stimulus as they 
did to the masks plus the At. RT to the 
combination, however, was reliably faster 
than that to either component alone. 
The facilitation at this At and that for 
Subject IB at At = 10 msec. is similar 
to the facilitation in RT found at certain 
At’s in the study by Fehrer and Raab 
(1962). It is also similar to an inter- 
(light and facilitation 
reported recently by Hershenson (1962). 
The fact that this facilitation is suffi- 
ciently great to be significant (see Table 
1) only at At’s at both stimuli 
yield about the same RT is consistent 
with Hershenson’s finding that maximum 
facilitation occurs when sound and light 
stimuli are 


sensory sound) 


which 


interval 
equal to the difference in their respective 
RTs. Smaller amounts of facilitation 
are evident at all other delay intervals. 
In 11 out of the total 12 rows, RT to the 
combination was the fastest of the three. 


separated by an 
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The magnitude of the facilitation at 
At = 20 msec. is surprising in view of the 
fact that the test stimulus darkening was 
phenomenally a most inconspicuous event 
RT. 
RTs to the test stimulus, on the other 
Speed of 
RT, rather than phenomenal appearance, 


and required close attention for 
hand, were reasonably fast. 


may be the more important variable in 

facilitation. 
The data at 

most relevant for 


At = 30 msec. are the 
the that 
initiated the present study, namely, the 
comparison of RT and verbal report in 
detection of the test stimulus. At this 
At, only 68% of the verbal reports wer« 
correct. RT to the combination, how 
ever, was not significantly different from 
RT to the test stimulus, but very sig 
nificantly faster than RT to the masks 
plus the At. For each S, the distribu 
tion (not shown) of RTs to the combina 
tion was virtually the same as that to 


the test 


problem 


stimulus alone. There was no 
as there should 
have been if about one-third of the RTs 
to the combination had been set off b: 
In addition, the SD of RTs 
to the combination was smaller than the 
SD for the test 14.1 vs. 19.0 
for 1 17.3 msec. for 
the other. therefore, 
that, 
failed in many cases to detect the pres 
ence of the test stimulus, RT apparently 
detected 


evidence of bimodality 


the masks. 


stimulus 
S and 8.9 vs. 
The 


though 


msec. 
data, show 


even careful observation 


accurately at each stimulus 
presentation 


I he 


from the 


drawn 

It is 
the combination 
initiated by the test 
Verbal report was not entirely 


conclusion can be 

results at At = 50 msec. 
that RT to 
was consistently 


same 
apparent 


stimulus 


iccurate 


SUPPLEMENTARY EXPERIMENT 


\_ brief was run to 
determine whether the RT results of 
the main experiment might be due 
to the fact that both Ss knew of the 
the test stimulus and, 
all RT trials, were set to look 


experiment 


presence of 
during 
for and react to the slight darkening. 
Since the of stimuli 


sequence was 
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this, 
would 
It seemed possible that naive 
Ss, knowing nothing of the test 
stimulus and therefore not being set 
for it, might not react more rapidly 
to the combination than to the masks 
alone. 


when 
detect, 


knew 
event to 


random, S 
a difficult 
occur. 


never 


undergraduate Ss re- 
acted to the combination with a At of 
30 msec. the masks 


Four naive 


and to alone. 


The two stimuli were presented in 


random order with randomized fore- 
periods. Six sets of 36 RTs each were 
run with each S, two setsa day. Each 
set comprised 18 presentations of 
each of the two stimuli. The longest 
and the shortest RT of each 18 were 
discarded before the set means were 
computed. Since these Ss had had no 
practice in RT and exhibited very 
variable RTs on their first day, the 
first two sets of data were discarded. 
The final means, each based on 64 
(four sets of 16 
are presented in Table 2. 

All Ss reacted reliably faster to the 
combination than to the masks, thus 
confirming the results of the main 
experiment. On the average, the 
naive Ss reacted 14.3 msec. faster 
to the combination than to the masks, 
a value very close to the mean differ- 
ence of 16.2 msec. for the authors. 

An attempt was made with 3 of the 


cases 


trials each), 


rABLE 2 


REACTION TIMES AND PERCENTAGES 
CorRECT VERBAL REPORTS 
oF NAIvE Ss 


MEAN 


t. Corres 
Reports 


196.2 
178.6 
205.2 


179.8 
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naive Ss to determine whether they 
could learn to distinguish between 
the masks alone and the combination 
without informing them of the actual 
stimulusconditions. They were shown 
the two stimuli, labeled @ and b, five 
times each in alternation, and there- 
after were asked to guess which condi- 
tion was presented. After each re- 
port, they were informed whether they 
were correct. Four sets of 20 trials 
each were run, two sets a day on 
each of 2days. The S2 discriminated 
somewhat better than chance (P =.05). 
The. other 2 Ss performed at chance 
levels. None reported any center 
darkening. The only differences they 


suggested were related to the dura- 
tion of the masking stimuli. 


DISCUSSION 


The data of these two experiments 
confirm and add to the results of two 
previous studies which showed that RT 
is determined by brief changes 
in energy, and that therefore stimulus 
events originating later, though they are 
important in determining phenomenal 
characteristics, do not (except for certain 
facilitation effects) affect RT to the 
stimulus delivered first. It has already 
been pointed out that Fehrer and Raab 
(1962) showed that RT toa flash of light 
is not increased by light 
stimulation ev: a though this results in 
the phenomenal darkening of the first 
flash. In another study (Raab, Fehrer, 
& Hershenson, 1961) it was shown that 
RT is independent of flash duration over 
the range of 10 to 500 msec., even though 
phenomenally the longer lasting stimuli 
are far brighter than the brief ones and 
might, therefore, be expected to elicit 
a faster RT. The present main experi- 
ment showed that RT can be initiated 
and determined by an event which is so 
successfully masked that it is often not 
detected by careful phenomenal obser- 


very 


subsequent 


vation. The supplementary experiment 


showed, further, that RT can be initiated 
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by an event whose presence is not even 
suspected by the reacting S. 

It should, perhaps, be added that the 
present study falls in the general research 
area that includes the many recent 
experiments on subception, discrimina- 
tion without awareness, etc. Eriksen’s 
(1960) recent excellent review of many 
of these studies implies that behavioral 
indices, such as GSR, have proved to be, 
if anything, less sensitive in discrimina- 
tion than well controlled phenomenal 
indices, such as forced choice. Our data, 
on the other hand, that RT, a 
voluntary, objective response, can pro- 
vide a more sensitive measure than ver- 
bal report in stimulus detection 
masking conditions. 


show 


under 


SUMMARY 


In the present study, we have compared 
the accuracy of two measures, reaction time 
and verbal report, in the detection of an event 
subjected to retroactive masking. A 5-msec. 
darkening of an otherwise steadily illuminated 
area was followed, after delays varying from 
0 to 75 msec., by a 100-msec. illumination of 
two adjoining areas. At certain critical delays 
at which verbal detection of the test stimulus 
was little above chance accuracy, RT to the 
darkening of the test stimulus was not 
affected by the delayed presentation of the 
masking lights. Compared with verbal 
report, therefore, RT provided a far more 
accurate measure of the presence of the 
masked stimulus event. 
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DIFFERENTIAL EYELID CONDITIONING AS A FUNCTION 
OF THE CS-UCS INTERVAL ! 


THOMAS I 


HARTMAN ? 


aND DAVID A. GRANT 


University of Wisconsin 


The purpose of the investigation 
was to explore the relationship be- 
tween conditioned discrimination and 
the CS-UCS interval. This relation- 
ship has not been systematically in- 
vestigated, although Hilgard, Camp- 
bell, and Sears (1937) used intervals 
from 350 to 550 msec. and reported 
that intervals of 550 msec. produced 
better differential conditioning than 
did intervals of 400 msec. or 
This observation evidently led Hil- 
gard and hisco-workers to utilize 600- 
or 650-msec. CS-UCS intervals in 
subsequent differential conditioning 
(e.g., Hilgard, Campbell, & Sears, 
1938; Hilgard, Jones, & Kaplan, 
1951). Most other differential condi- 
tioning studies using the eyelid have 
involved a CS-UCS interval of ap- 
proximately 500 msec., the interval 
optimal for simple eyelid conditioning 
(e.g., Spence & Beecroft, 1954; Spence 
& Farber, 1954). 

A number of considerations might 
lead one to expect that the optimal 
CS-UCS interval for differential eye- 
lid conditioning would be greater 
than the optimal CS-UCS interval 
for simple eyelid conditioning. Dif- 
ferential conditioning is more com- 
plicated than simple conditioning, 
and Hartman, Grant, and Ross (1960) 
point out that the limiting distribu- 
tion for the latency of responses in 


less. 
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the eyelid conditioning situation ap- 
parently is determined by some of the 
factors affecting reaction time, 
that longer CS-UCS intervals might 
be appropriate the differential 
conditioning situation. The work 
of Wickens et al. (e.g., Wickens, 1959) 
also implied that mediated responses 
to a stimulus complex may provide 
conditioned stimuli which will extend 
the usual optimal CS-UCS interval 
to a longer value. Certainly the use 
of the interval that is optimal for 
simple conditioning has led to rela- 
tively poor differential conditioning 
in earlier studies, and considerations 
such as those outlined above suggested 
that longer CS-UCS intervals might 
produce better conditioned discrimi- 
nation. 


SO 


in 


METHOD 


Apparatus.—Except for the presence of 
two milk-glass windows for the presentation 
of the CS, the apparatus was 
the same as that described by Hartman and 
Grant (1960). The two windows consisted 
of 10-cm. circular milk-glass disks with their 
centers horizontally 15 cm. apart. Ambient 
illumination was approximately 1 mL., and 
the CS consisted of an 0.8-mL. increase in 
brightness of one of the milk-glass windows 
The UCS, a corneal air puff, was of 50-msex 
duration, and its intensity was regulated by a 
150-mm. column of mercury. The puff was 
sufficient to evoke a sharp reflex closure of the 
eyes of most of the Ss. 

Procedure.—Each S 
forced trials and 44 unreinforced 
These were assigned randomly, balancing 
within blocks of 8 trials. For half of the Ss 
the right window was always reinforced, and 
for half the left window was always reinforced 
The Ss were subdivided into four groups; one 
group receiving a CS-UCS interval of 400 
msec., the others 600 msec., 800 msec., and 
1000 msec. For all groups the CS duration 


essentially 


rein- 
trials 


44 


was given 
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was 1100 msec. The intertrial intervals varied 
between 20 and 40 sec. with a mean of 30 sec. 
as programed by means of a Western Union 
tape transmitter. 

Before each session Ss were given the 
“neutral’’ instructions used at the Wisconsin 
laboratory, and after 10 trials each S was 
interrupted and told that he should not aid 
or inhibit his natural eyelid responses. 

Subjects —The Ss were 56 women and 24 
men who volunteered from 
mentary psychology at the University of 
Wisconsin. Assignment of Ss to conditions 
was random within each replication of the 
eight experimental conditions until it became 
necessary to modify the assignment to equal- 
ize sexes in each group. Three Ss were dis- 
carded; 2 adapted to the UCS and 1 gave a 
record impossible to score because of a high 
random blink rate. 


classes in ele- 


RESULTS 


Owing presumably to the low inten- 
sity stimuli and short duration UCS 
used in the present experiment the 
random blink rate was low enough so 
that CS-UCS interval effects were 
apparent without a correction for the 
scoring interval. Therefore all eyelid 
closures with latencies from 210 msec. 
to 10 msec. after the UCS onset were 
scored as anticipatory eyelid responses, 
giving scoring intervals of 200, 400, 
600, and 800 msec., respectively, for 
the CS-UCS intervals of 400, 600, 
800, and 1000 msec. 

Figure 1 shows the mean percentage 
of anticipatory responses to the posi- 
tive and negative stimuli plotted 
as a function of successive blocks 
of trials. The first block was four 
trials, subsequent blocks were eight 
trials each. Because the right or left 
position of the positive CS produced 
no difference in results, this factor 
is ignored in this and all other figures 
and computations. It is readily 
apparent from Fig. 1 that conditioned 
discrimination as the CS- 
UCS interval was extended from 
400 through 600 to 800 msec. There 
is some diminution in conditioned 


increased 
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Fic. 1. Percentage frequency of anticipa- 
tory responses to the positive and negative 
stimuli during successive blocks of acquisition 
trials for the four CS-UCS intervals. 


discrimination with the 1000-msec. 
CS-UCS interval. The standard er- 
ror of the differences between pairs of 
positive and negative points in Fig. 1 
ranged between 2.00 and 3.50 per- 
centage units, so that for all groups 
there was statistically significant dis- 
crimination between the positive and 
negative stimuli in the last three 
blocks of trials. It is of interest to 
that with the short CS-UCS 
intervals the responses to both the 
positive and negative stimuli increased 


note 


during the training session, whereas 
with the CS-UCS intervals 
the responses to the negative stimuli 


longer 


actually decreased during the course 
of training. The greater conditioned 
discrimination obtained with the long- 
er CS-UCS intervals is thus due to 


a lowered response to the negative 
stimulus. 

On the last 32 trials Ss within each 
group were separated into two groups 
according to the criterion suggested 
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by Hartman and Ross (1961) for 
detecting Ss who give the voluntary 
form response discovered by Spence 
and his co-workers (Spence & Ross, 
1959; Spence & Taylor, 1951). All 
Ss with time derivatives (dx/dt) of 
anticipatory responses to light greater 
than 35°) of the time derivative of 
the reflex to the UCS on more than 
half of their responses were classified 
as voluntary responders (Vs). Other 
Ss were called conditioners (Cs). 
The derivative criterion classed 29 
Ss and Vs; 7 in each of the 400-, 600-, 
and 1000-CS-UCS interval groups, 
and 8 in the 800-msec. group. There 
were thus 12 or 13 Cs in each group. 
The mean percentage of anticipatory 
closures to the positive and negative 
stimuli over the last 32 trials is plotted 
for both the Vs and Cs as a function 
of CS-UCS interval in Fig. 2. The 
difference between the positive and 
negative curves can be used as an 
index of the degree of discrimination. 


Noting 


these differences, it will be 
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Fic. 2 The anticipatory 
eyelid closures to the positive and negative 
stimuli for voluntary responders (V) and 
nonvoluntary responders (C) on the last 32 
acquisition trials as a function of the CS-UCS 
interval 


percentage ol 
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seen that degree of discrimination in- 
creases progressively as CS-UCS inter- 
val increases for the Vs. For the Cs, 
however, there appears to be an 
optimum degree of differential condi- 
tioning at the 800-msec. CS-UCS 
interval. Because the frequency of 
responses to the negative stimulus 
in the Cs approaches zero at the 1000- 
msec. interval and presumably would 
stay low at higher intervals and 
because the responses to the positive 
stimulus gradually decrease as the 
CS-UCS interval is extended beyond 
800 msec., the difference between 
response rates to the positive and 
the negative stimuli may be expected 
to decrease with CS-UCS 
intervals. 

Even without a correction for the 
scoring interval the Cs show the same 
response function to the _ positive 
stimulus that is usually obtained in 
simple conditioning (e.g., 
1947). Responses to the negative 
stimulus are also clearly affected by 
the CS-UCS interval in spite of the 
fact that these stimuli are never rein- 
forced so that there is no real CS-UCS 
interval for the stimuli. 
This phenomenon involves some sort 
of transfer from the positive stimulus 
where CS-UCS 
meaning. 

The 
UCS 


longer 


Kimble, 


negative 


interval has direct 
the CS- 


the Vs 


between 
functions for 


differences 
interval 


and the Cs indicate that in the differ- 
ential 
the 


situation as in 
conditioning situation 
(Gormezano & Moore, 1962; Hart- 
man & Grant, 1962; Spence & Ross, 
1959), the Vs follow different be 
havioral laws in the eyelid condition- 
ing situation than do the Cs. 


conditioning 
simple 


In view of the differences in the 
response functions between the Vs 
and Cs, one might legitimately ask 
why their data were combined in 


Fig. 1. The answer is that if the 
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TABLE 1 


ANALYSES OF VARIANCE OF DIFFERENCES IN 
FREQUENCY OF RESPONSES TO THE 
POSITIVE AND NEGATIVE STIM- 

ULI ON Last 32 Acgulisi- 

TION TRIALS 


Voluntary Ss | Conditioned Ss 


Source of Variation 


df 


Between CS-UCS 
intervals 
Linear 
Quadrati 
Cubic 
Error (MS) 


5.36%* 
9.804% 
3.00 
3.27 
(20.19) 


2.12% 
8.308% 
0.23 
1.03 
(25.43) 


Note.—The between CS-UCS sum of squares was 
computed from weighted means and is unbiased. In 
the orthogonal decomposition of the trend unweighted 
neans were used to simplify the problem of unequal 
numbers of cases, but the bias was negligible because 
the variation in the numbers of cases per CS-UCS 
interval group was never greater than 1 

* P 05 

se P Ol 


curves of Fig. 1 were given separately 
for Vs and Cs they would show es- 
sentially the same acquisition func- 
tions except for higher response level 
in the Vs, especially to the positive 


stimulus at the 1000 CS-UCS interval, 
as shown in Fig. 2. 

Table 1 summarizes the analysis 
of variance of the difference scores 
of responses to the positive and nega- 
tive stimuli on the last 32 trials as 
shown in Fig. 2. The significant 
linear components of the trends of the 
difference show that 
tioned discrimination increases with 
increases in CS-UCS interval.  Al- 
though there was no significant quad- 
ratic trend for the Cs, it seems evident 
that maximum discrimination occurs 
with CS-UCS intervals of 800 
1000 msec. 

Examination of the response la- 
tencies for high and low discriminators 
among both the Vs and the Cs at each 
CS-UCS interval showed no consistent 
latency differences between the high 
and The Vs, 


shorter 


scores condi- 


to 


discriminators. 


had 


low 


however, consistently 
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response latencies than the Cs in each 
group. The latency differences be- 
tween these two types of Ss increased 
with increases in the CS-UCS interval. 
When responses were made to the 
negative CS, these responses did not 
differ in form or latency from re- 
sponses made to the positive CS. 


DISCUSSION 


Differential conditioning or condi- 
tioned discrimination was found to 
increase with increasing CS-UCS inter- 
vals. This was due largely to the greater 
reduction in responses to the negative 
stimulus with the longer CS-UCS inter- 
vals. Although there was no statis- 
tically significant evidence for an opti- 
mum degree of conditioned discrimina- 
tion within the CS-UCS range studied, 
there is some indication that there is such 
an optimum for Ss who do not show the 
voluntary form of eyelid response. There 
may be a corresponding optimum CS 
UCS interval for conditioned discrimina- 
tion among Ss showing the voluntary 
form response, but it is probably at a 
longer CS-UCS interval than 
explored. 


those 


The experiment provides some indica- 
tion as to why better discrimination 
occurs at the higher CS-UCS intervals. 
This is particularly true if attention were 
to be concentrated on Ss who do not 
show the voluntary form of eyelid re- 
sponse, that is, the Cs. For them the 
curve relating the amount of conditioning 
to the positive stimulus as a function of 
CS-UCS interval is conventional with 
an optimum conditioning at a CS-UCS 
interval of about 600 msec. or possibly 
less. If the measure of conditioned 
discrimination is to taken as the 
difference between percent response to 
the positive and to the negative stimuli, 
attention should be directed to the func- 
tion relating responses to the negative 
stimuli to the CS-UCS interval, for the 
greater discrimination at longer CS-UCS 
intervals is due to the rapid drop in this 
function. Actually it is not immediately 
obvious why there should be a functional 


be 
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relationship of this form for responses 
There is no 
true CS-UCS interval for the negative 
stimulus as the UCS never follows the 
negative CS. 


to the negative stimulus. 


Therefore the interval is 
defined by events on trials where the 
positive CS is given. To get a function 
to the negative stimulus requires that 
events with the positive 
stimulus affect responses to the negative 
function, but it requires some manipula- 
tion of this concept to say the least. 
Alternatively, some additional mecha- 
nism that cannot act at the shorter 
CS-UCS intervals may be involved in the 
longer CS-UCS intervals. 


associated 


This conjec 
ture is made attractive by the fact that 
the acquisition curves to the negative 
stimulus in Fig. 1 progress downward at 
the 800- and 1000-msec. 
upward at the 400- 


intervals and 
and 600-msec. 
intervals 

The might upon 
perceptual or upon reaction systems or 
both. On the one hand, longer CS-UCS 
intervals might permit a more complete 
perceptual response to the positiveness 
or negativeness of the CS, and this per- 
ceptual might 
effective CS conditioning along the lines 
proposed by Wickens et al. (Wickens, 
1959). On the other hand, inhibition of a 
response may simply require more time 
and be favored by longer CS-UCS inter- 


vals. 


difference depend 


response provide the 


Of course, a combination of both 
principles may be involved. Certainly 
longer CS-UCS intervals produce longer 
latency responses (Boneau, 1958). Also 
the Vs show generally shorter latency re- 
sponses than do the Cs who inhibit more 
effectively. But there are no differences 
in latencies between the good and poor 
discriminators among either the Vs or 
the Cs. Actually the experiment pro 
vides little evidence for details of the 
mechanism of the better discrimination 
at the longer CS-UCS intervals, but the 
fact that the Cs give the conventional 
maximum for positive conditioning at 
600 CS-UCS 


about 


msec. interval for 


responses to the positive stimulus may 


favor an interpretation in terms of 


inhibition requiring longer time rather 


135 


than an interpretation based on a mediat 
ing perceptual response. 

It should be noted that the Vs gen 
erally give more responses and are poorer 
at inhibition than are the Cs. In this 
respect their performance is like that 
reported by Hartman and Grant (1962) 
and also by Gormezano and Moore (1962), 
who note that the Vs show poorer extinc- 
tion generally. As was pointed out by 
Hartman and Grant, the Vs are by no 
their 


some re 


means uniformly appropriate in 
responses to the stimuli. In 
spects their performance is reminiscent 
of Pavlov’s excitable type (Pavlov, 
1927, pp. 285-300; 1928, pp. 360-390) 

The results of the present experiment 
may provide a possible clue to the dis- 
crepancy between the results of Hilgard, 
Jones, and Kaplan (1951) who found less 
conditioned discrimination in high anx 
ious Ss and the results of Spence and 
Farber (1954) and Spence and Beecroft 
(1954) who found greater discrimination 
in high anxious Ss. Hilgard, Jones, and 
Kaplan used a CS-UCS interval of 650 
msec., whereas Spence and Farber and 
Spence and Beecroft used 500 and 490 
msec., respectively. The latter may have 
dealt with simpler basic response prin 
ciples, whereas the former may have had 
additional complicating inhibitory prin‘ 
ciples operating to reverse th« 
discrimination relationship. Whether 
the difference in CS-UCS interval will 
turn out to be the basis of the anxiety 
not, CS-UCS interval 
certainly seems to account for the hither 


anxiety 


discrepancy or 


to puzzling discrepancy in the published 
acquisition curves of responses to the 
negative stimulus. Hilgard, Jones, and 
Kaplan found responses to the negative 
stimulus to decrease with 
acquisition trials as did our Ss at CS-UCS 
intervals greater than 600 msec. 
and Beecroft found 
siveness to the 


successive 


Spence 
increasing respon 
negative stimulus as 
acquisition progressed. In this respect 
their findings were more like our 400 
or 600-msec. CS-UCS interval groups 
The responses to the negative stimuli 
in the Stanford and Iowa experiments 
were thus appropriate to the CS-UCS 
intervals utilized. 
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SUMMARY 


Differential eyelid conditioning was stud- 
ied at four CS-UCS intervals (400, 600, 800, 
and 1000 msec.) with 20 Ss in each interval 
All Ss received 88 training trials, 44 rein- 
forced trials with the positive CS, and 44 
unreinforced trials with the negative CS. 
rhe CS was a light and the UCS was a corneal 
air puff; the positive and negative CS ap- 
peared in two glass windows. The principal 
tindings were as follows: 

1. Conditioned increased 
as the CS-UCS interval was increased. For 
Ss who never or rarely showed the voluntary 
form of eyelid response (Cs) the amount of 
conditioning to the positive stimulus showed 
the conventional optimum at about the 600- 
CS-UCS interval or less. The increased 


discrimination 


msec, 


discrimination was caused by rapid decrease 


in the percentage of responses to the negative 
stimulus as the CS-UCS interval was extended. 

2. There optimum 
discrimination in the Cs at the 800- 
CS-UCS but the difference 
between responsiveness to the positive and 
negative increased progressively 
over the CS-UCS range studied for Ss who 
showed the voluntary form (Vs 

3. Although it was conjectured that the 
superior differential conditioning at the 
longer CS-UCS intervals might have been 
due to a more complete mediating perceptual 
response, an interpretation in terms of longer 
time intervals required for inhibition also 
seemed plausible 


were indications of 
about 
msec interval, 
stimulus 


response 
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MIXING OF TWO TYPES OF S-R ASSOCIATIONS IN A CHOICE 
REACTION TIME TASK '! 


ROBERT E. MORIN 


University of Arizona 


Recent studies by Brainard, Irby, 
Fitts, and Alluisi (1962) and Mow- 
bray (1960) have shown that the time 
required to name a numeral is inde- 
pendent of the number of numerals 
in the stimulus set. 
text of 


Cast in the con- 
these 
results broaden the spectrum of tasks 
for which 


information theory, 
independence of trans- 
mitted information and reaction time 
(RT) has been found. Other investi- 
gators, all of whom used key pressing 
have obtained similar re- 
sults with extended practice (Mow- 
bray & Rhoades, 1959), high stimulus- 


responses, 


response compatibility (Leonard, 
1959), and stimulus uncertainties of 
greater than 3 bits (Seibel, 1959). 

The above findings are of interest, 
first, because they contradict what has 
been regarded as well-established em- 
pirical generalization. Since the work 
of Merkel (1885), it 


generally 


has been rather 
that disjunctive 
RT increasesas the number of stimulus 


accepted 
alternatives is increased. In the past 
decade, with the application of in- 
formation measures to RT tasks, the 
refined to 
state that choice RT is a _ positive 
linear function of 


generalization has been 


transmitted infor- 
mation. 

of further in- 
terest because they imply a mode of 
information processing different from 
that suggested by earlier studies. If 


The new results are 


'This study was supported by National 
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tute of the University of Texas. 
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The research 

the University of Texas. 
indebted to Ted Langford 
for assistance in data collection and analysis 


BERT FORRIN 


University of Washington 


choice RT is a positive linear function 
of transmitted information expressed 
in bits, it is easy to conceptualize 
the process of transmitting informa- 
tion as a series of binary decisions, 
each decision taking constant time. 
On the other hand, if there is inde- 
RT and _ trans- 


mitted information, the picture is one 


pendence of choice 


of a parallel processing mechanism 
with each S-R pair having its own 
‘private line.”’ 

In view of the contrasting results 
of very and earlier studies, 
two types of S-R associations may be 
distinguished in terms of behavioral 
criteria. One type, hereafter called 
Type N (N for independence), in- 
cludes associations which normally 
produce independence of choice RT 
and transmitted information (e.g., 
naming numerals). The second type, 
hereafter called Type D (D for de- 
pendence), includes associations for 
which RT has been found to be pro- 
portional to transmitted information 
(e.g., numeral responses to geometric 
symbols). All of the studies upon 
which these preliminary distinctions 
are 


recent 


based have used homogeneous 
sets of associations, either all Type N 
or all Type D pairs. The present 


investigation is concerned with the 


effects of mixing the two types of pairs 


in a single task. Each type of pair 
will serve as a context for the other. 
The fundamental question is whether 
or not the two types of pairs interact. 
Are RTs for Type N pairs affected by 
the inclusion of Type D pairs, and 
what effect, if any, does the mixing 
have on RTs for the latter pairs? 
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The answers to these questions should 
help to define the generality of recent 
findings showing independence — of 
RT. 


furthermore, they should extend the 


transmitted information and 


basis for theorizing concerning the 


translation mechanisms involved in 


information processing. 


\IETHOD 


Subjects.—The Ss were 50 male students 


recruited 


elementary 
Partici- 
pation in the experiment partially fulfilled a 


from classes in psy- 


chology at the University of Texas 
len Ss were assigned at 
The Ss 


course requirement 
random to each of five conditions 
were tested individually 

i pparatus The S 


mately 2 ft. in front of 


was seated ipproxi 
a milk glass screen 
behind which was located an automatic slide 
projector. The dimensions of the illuminated 
field were 4.0 X 5.5 in., and the height of the 
projected images, which varied in shape, 
ranged from 2.0 to 2.5 in 

determined to the nearest 
Hewlett-Packard 
counter, and were printed on paper tape by 
a Hewlett-Packard digital recorder A 
verbal response by S activated a voice key 
which stopped the counter, terminated the 
projec ted image, 
slide changing operation rhe 


The RTs were 


01 sec. by a electronic 


and initiated an automatic 
interval be- 
tween a response and the appearance of the 
ubsequent slide was 2.1 se Errors were 
recorded by E 

Procedure.—After a brief period in which 
Ss learned the S-R associations from an 
12 blocks of 32 trials were 
here was a 4-min. rest after Block 6 
and shorter rests of approximately 30 se 
while E changed slide trays after other blocks 
Stimulus 
equate both frequen ies of occurrence of all 
within a first-order 
transitional probabilities Che Ss 


instructed to react as rapidly 


instruction card, 
given 


sequences were constructed to 


stimuli condition and 
were 
as possible and 
to keep errors at a minimum 
Experimental conditions The 
mental 


five experi- 
described in Fig. 1 
exposition, the 


conditions are 
conditions 
Exp. A 
and I xp. B (Cond. II, 


For purposes of 
have been divided into two groups, 
Cond. I, III, and I\ 
III, and \ 

In Exp. A, 


pairs (pairs 


RTs to the critical Type N 


experiment) were studied as a function of 


both the presence and type of associations 
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ommon to all conditions of the 
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EXPERIMENT A 


EXPERIMENT B 
CRITICAL | 


CRITICAL | TEXT 
PAIRS CONTEX 


co CONT TILCOND 
COND PAIRS CONTEXT COND 
—_— oe } 


g-s 
8-68 


@-2 





8-8 ae | 


4-8 


Fic. 1 


experimental conditions 


Schematic diagram of the 


conditions of this 
) 


the critical stimuli were 2's and 


used as context. In all 
experiment, 
8's; the response was to 
numeral displayed. In Cond. | 
critical pairs were employed; they were with 
out context. In Cond 
provided the context for the critical Type N 
pairs. 


correct name the 


only the 
III] two Type D pairs 


rhe stimulus set was increased by the 
inclusion of crosses and squares to which the 
correct responses were 4 and 7, respectively 
In Cond. I\ Type N pairs (4-4, 7-7 
were used as context for the critical pairs 

In Exp. B, RTs to the critical Type D 
cross-4, investigated 
(Cond. I] 
a context of Type N pairs (Cond. III), and a 
context of Type D pairs (Cond. \ It 
be noted that data of Cond. III are 
in both experiments 

Response measures 


two 


pairs square-7) were 


under conditions of no context 


is to 


included 


Four response meas- 
ures were computed for each S: (a) mean RT 
to the critical stimuli; (6) information trans- 
mitted by 
(T,); (c) information transmitted by the 
critical stimuli (7); and (d 
tion transmission for the 
T./RT) 

In Cond. III, IV, and V all 
the second were based on the 
2’s and 8's 

Exp. B 
and II, since 


the total set of stimulus elements 


rate of informa 
critical stimuli 
response 
measures but 
192 trials on which critical stimuli 

in Exp. A, crosses and squares in 
Cond. | 
critical stimuli were presented on all trials, 
alternative 
(a) to determine response measures from the 
data of all 384 trials, 
initial 192 trials 
to equate total 
task for all conditions; the 
for comparable amounts of practice in re- 
sponding to the critical stimuli. In the case 
of the three response measures in question, 


were presented. In 


two yrocedures were possible: 
I 


and (b) to use only the 

rhe first alternative serves 
amount of practice on the 
second provides 


both procedures were followed with nearly 
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Decisions concerning differ 


ces among experimental conditions were 


ot affected by the trials upon 


1 and Il 


statistical 


number ol 
( ond 
this reason all 


which response me ires for 


based. For 


reported in 


were 
inalyses volve the comparison 
of conditions with total practice on the task 
equated 

As noted 
mitted information were calculated for the 
experiment | The first, 7), 
based on respons to all stimuli 384 trials 


above two measures of trans- 


was 


i conditio 
and is the measure commonly employed in 
| transmitted 
based 
The 

T, does 


critical 


studies relating choice RT to 


information The se was 


solely on nul 


were 


response 
CR | or 


and trans- 


RT, 7 


overall comparisons of 


. ae 
| conditions 


ie three 


ach experiment were made 


When an analvsis vielded a statistically 
nt F, Duncan's ri 


More 


nge test was 
analytical 


significa 
to make 
Levels of significance 


comparisons 
cited below are for Duncan's test. 


In Fig. 2 


mean RTs for the condi- 
is ol both experi 


ents are plotted 


\CTION 


riMt 


OS 


N 


- 


TION TIME IN SEC 


MEAN REA 


Reaction time in seconds plotted 
j 


Fic. 2. 


as a function of total transmitted information 


in bits 


as a function of 7,. As is apparent 
from the figure, the number of trials 
on which response measures for Cond. 
1 and II are based does not materially 
alter the nature of the RT-7, func- 
tions. 

Initially the 


determine 


results may be ex- 


amined to whether the 


associations used met the behavioral 
criteria for Type D and Type N pairs. 
The significant slope of the line de- 
fined by the means for Cond. II and 
¥ (PP : 
for the identification of symbol-num- 
Type D pairs 
For the numeral-numeral associations 
(Cond. I and IV) RT was independent 
fact, 


slope, though nonsignificant 


.001) satisfies the requirement 


eral associations as 


of mean 7;. In the observed 
P>.05) 
was slightly negative. However, fewer 
errors to the critical stimuli in Cond. 
IV than in Cond. | 
significantly higher 7 

faster 
in the former condi- 


resulted in a 
(P < .01) and 
a significantly transmission 
(P < .05) 
tion. Though these findings indicate 
that the two were 
behaviorally equivalent in all respects, 


rate 
conditions not 


it is nevertheless clear that perform- 
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ance in Cond. IV was not inferior to 
that in Cond. I. 
The effects of mixing the two types 


of pairs can be determined by com- 
paring performance in Cond. II] with 
that in other conditions of each experi- 
ment. In Exp. A the mean RT for 
Cond. III was significantly greater 
than the means for Cond. I (P < .01) 
and IV (P < .001). Reactions to 
numeral stimuli (2's and 8's) were 
slowed by the addition of geometric 
The 


was 


symbols to the stimulus set. 
increase in RT in Cond. III 
accompanied, however, by a some- 
what compensating decrease in error 
rate to the critical stimuli such that 
mean transmission rate, though lower 
than that for both other conditions, 
differed significantly only from Cond. 
IV (P < .001). 

In Exp. B reactions to the critical 
stimuli and were 
similarly affected whether numerals 
or geometric symbols were used as 
contextual stimuli. Conditions III 
and V did not differ significantly on 
any response measure. As compared 
to Cond. II, however, performance in 
Cond. III was characterized by a sig- 
nificantly higher mean RT (P <.001) 
and a significantly lower mean trans- 
mission rate (P < .001). 


(crosses squares) 


DISCUSSION 


The results lend support to the gen- 
eralization that RT is independent of 
mean transmitted 
numeral-naming task. The response toa 
particular numeral is not degraded by the 
fact that other numerals might have 
occurred. Thus, numeral-numeral asso- 


information in a 


ciations appear to be functionally isolated 
from one another. 

A test of the generality of this con- 
clusion is provided by the mixing of 
Type N and Type D pairs. If Type N 
associations are in functional isolation 
not only from one another but from 
Type D associations as well, RTs for 


MORIN AND 


BERT FORRIN 

Type N pairs should be unaffected by 
the inclusion of Type D pairs in the S-R 
set. Complete functional isolation of 
Type N pairs would further imply that 
the presence of such pairs as context 
should exert no influence on 
to Type D pairs. If the 
involved in 


reactions 
translation 
the naming of a 
numeral is an encapsulated and auto- 
matic event, Ss should, so to speak, be 
able to let the numeral-numeral associa 
tions take care of themselves; reactions 
and Cond. III 
should be much as they were in Cond. II. 

Neither of the 
with the extension of the concept of 
functional isolation to the case of mixed 
pairs was obtained. 


process 


to crosses squares in 


outcomes consistent 


Response latencies 
for Type N pairs were lengthened by the 
addition of Type D pairs. Though in- 
creased RTs were partially compensated 
for by a decrease in errors it is apparent 
that numeral naming was sensitive to 
contextual associations. In 
RTs for Type D pairs clearly 
related to the bivariate probability 
distribution of all  stimulus-response 
events. A context of Type N pairs 
(Cond. III) produced increases in RT 
of the same magnitude as a context of 
Type D pairs (Cond. V). The Ss in 
Cond. III did not react as though crosses 
and squares were the only stimuli which 
might occur. 

The present results indicate the RTs 
for numeral-numeral pairs can be affected 
by the context in which they are im- 
bedded. The disruption of functional 
isolation for Type N pairs suggests that 


addition, 
were 


an elementary parallel processing model 
is too simple for characterizing transla- 
tion mechanisms, even for highly over- 
learned associations. 


SUMMARY 


Two types of S-R associations were dis- 
tinguished in behavioral criteria 
Type N associations (e.g., numeral-numeral 
pairs) normally produce 


choice RT and transmitted information. 


terms ol 


independence of 
For 
Type D associations (e.g., symbol-numeral 
pairs) choice RT is a positive linear function 
of transmitted information The present 


study investigated the effects of mixing 
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Type N and Type D associations upon the 
RT-transmitted information function. 

Ten male Ss were randomly assigned to 
each of five experimental conditions defined 
by the character of the S-R set: (1) two Type 
N pairs, (Il) two Type D pairs, (III]) two 
Type N and two Type D pairs, (IV) four 
Type N pairs, and (V) four Type D pairs 
Analyses examined the reactions to the two 
critical Type N pairs common to Cond. I, 
111, and IV (Exp. A) and to the two critical 
Iype D pairs common to Cond. II, III, and 
V (Exp. B). In Exp. A, mean RT to the 
critical Type N pairs was not degraded by 
the expansion of the S-R set from two to four 
Type N pairs (Cond. I vs. Cond. IV); in 
contrast, mean RT was increased significantly 
by the addition of two Type D pairs (Cond 
I vs. Cond. III). In Exp. B, response laten- 
cies to the critical Type D pairs were shortest 
in Cond. II. The addition of two Type N 
pairs to the S-R set (Cond. III) lengthened 


mean RT to the critical Type D pairs by an 
amount comparable to that obtained by the 


(Cond. \ 


were < onsidered 


addition of two Type D pairs 


The results of this study 
to limit the generality of the proposition that 
RT for 


numeral-numeral associations is 
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independent of the informational properties 
of the task. 
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HUE GENERALIZATION AND HUE DISCRIMINABILITY 
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The principle that when an organ- 
ism has difficulty in discriminating 
two stimuli, he will be more likely to 
generalize a response from the one, 
a training stimulus (CS), to the other, 
a generalization stimulus (GS), is 
widely adopted by behavior theorists 
(Brown, Bilodeau, & Baron, 1951; 
Gewirtz, Jones, & Waerneryd, 1956; 
Hull, 1943; Lashley & Wade, 1946; 
Pavlov, 1927). 

In the context of unanimity 
of opinion, the paucity of corrobora- 


such 
tive material is surprising. The ex- 
perimental analysis of this question 
thus far has concentrated on general- 
ization gradients to hue in different 
spectral regions where it is known 
that sensitivity varies. In the pigeon 
these gradients have failed to reflect 
what we know of that S’s differential 
hue threshold function (Guttman & 
Kalish, 1956). <A similar study in 
which intra-S gradient comparisons 
were possible did obtain consistent 
generalization related 
but the 
pected relationship to the jnd function 
(Blough, 1961). In the 
generalization gradients obtained from 


differences in 


to wave length, not eX- 


human, 


method of single 


parallelled the 


voluntary responses 


stimulus) have jnd 


his was supported by 
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National Institute of Neurological 
and Blindness of the National 
Health, Public Health Service to 
A portion of this paper 

the author part of a doctoral 
dissertation, the University of Chicago, 1959. 
rhe author wishes to thank Austin H 
for his counsel throughout the study. 

2 Now at Brown | 


investigation 


Diseases 
Institutes of 
Austin H 
Riesen. was sub- 


mitted by 


Riesen 


niversity 


function (Kalish, 1958). 
tion remains, clearly, very much open. 

The evidence that 
us suggests that the color vision of 


The ques- 
is available to 


the rhesus macaque (Grether, 1939) 
bears a strong resemblance to human 
trichromacy. This makes it feasible 
to compare, as is done in the present 
study, the generalization 
of individual 


succession of 


gradients 


rhesus macaques in a 


different spectral re 
gions with the corresponding human 
differential hue threshold 
Our working hypothesis is that ir 
spectral where the 

millimicrons of wave length, i 
the 
zation gradient will be steep in slope 
for CS and GS contained in t 
the 
discriminabilitv) the gradient will be 


function. 


jnd, in 
small 


regions 


(good discriminability) generali- 


lat re- 


gion; where jnd is large (poor 


shallow. 
\IETHOD 


Subjects The Ss were 6 
Ma aca nn ulatta | wo Os, kK i 
used in studic 


black-white 


been previous 

dis 

reinforcement and a 

skin reflex 

remaining 4 Ss 
A pparatu 


rimination 

condi 
with electric shock 
were experime! 
Discrimination tr 
generalization testing were ! 
S seated in a closed wit! 
i light-tight 


greater det iil, 


primate chair « 
described elsewhere 


1962 


cubicle 
Ganz & Riesen 
sentially, the chair departs from 
models in permitting control of head 
by the use of side-pieces the 1 
The neckboard is suf 


the monkey from 
S wears light-diffusi 


ibove 


lus input is thus rendered la 


of receptor-orienting bel 
underneath thx 


key 
Key 


reinforcement is avail 
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sec. This will, responses emitted during the blackout period 


activate a solenoid valve for 1 
in turn, release 3-4 drops of 5%% sucrose solu- and again training was carried to the same 
tion, directed to S’s mouth via tube; a 60- criterion level. Next, the delay was incre 


cycle buzzer connected in parallel with the — to 15 sec. and carried to a criterion of a max 


‘ 


solenoid provides secondary reinforcement mum of 20% responses during blackout over 
Che stimuli were produced by passing the 2 consecutive days. Lastly, VI 15 sec. wa 

beam of a 300-w. projection lamp through introduced and training continued to a similar 

Bausch and Lomb second-order interference criterion (over 4 consecutive days 

filters, a Wratten No. 8 filter, and plastic next sessions, generalization test 

polarizing materials. The interference filters, ministered Following the tests, 

Series 33-78 were used to obtain mono- introduced to discrimination  traini 

chromatic pass-bands covering 449 through wave length The S¢* now alternate 

631 my in nominal 10-my steps (range of step irregular fashion with S* During S 

size is 4-18 mu; half band width averages 7.5 sec. was reinstituted. In the 

8 my; peak transmission averages 35% the blackout, or of S+*, negative rei 

The yellow gelatin absorbed third-order inter- was delivered by delaying positive re 

ference peaks in the short wave lengths. The ment 7.5 sec. following each response 

polarizing materials were used to approximate _ terion: 80% responses emitted duri 

an equal luminosity spectrum he energy and 100 responses per session, minimut 

transmission was estimated with a Weston ? consecutive days Finally, the reir 

photoelectric cell No. 8PV1AATI By correct- ment and delay schedules were incre 

ing for both the spectral sensitivity of the > [raining was carrie 

cell and of the human eye (photopic lumi- criterion, but over 4 days 


f 


nosity function) an estimate of the luminosity Generalization testi ‘ 


was obtained Each interference filter was tation of a series ol sever 


then coupled with a pair of suitably rotated through S*. The SGs wer 
ind S°, but 


trum for the human O. The evidence sug type of reinforcement. There were 
| 


polarizers to give an equal luminosity spec- manner as the S# 


} 


gests this is justified for the macaque, except days and each followed th 


possibly for the deep red region where lum training ials, four SG pre 


nosity could be lower that S (Grether, training rials, three 
1939 The beam, after enteri: the cubicle ral ig trials For 
was finally focused by « . masa given in the dis 
disc on S's left eye; the right eve carried a to kee p the number o 
black opaque contact lens. With the 564-my tion stimuli as small 

ik filter i place illumination was estimated of presentation of the 

using a Macbeth illuminometer ized according to 

in a heterochromatic match The Tenite Davs X Order 
white contact lens diffused nonselectively in Experimental de n 
the visible region, with approximately 10% $49 to 631 my was divide 
transmission 449-509 my, 509-567 mu, 

The stimulus pres were cycled The ends of ea 
automatically White noise was delivered the S¢ and S? 
by a speaker within the cubicle to 1 k rel symmetry, with a 
cues Periodic che ks reve iled on > + between 449 il d 631 
generalization across a t ng 1 45 mu from the end 
1uditory cues ind 587 mu , an 1 maxi 

Training sequence ing initial trainin spectrum (449 and 631 my 
S!' was continuously present | 30-mit First, o the hues 449, 509 
session I he response, 1 ke I : nu was chosen as S® for the 
developed by a method of s : i operant Then, ea 
mation with continuous reinfé m criminate pairs of hues in 
criterion was attained—a linimt 5 succession, with ge 
responses over 2 consecutive \ ing the attainmen 
cycling was introduced with 15 se al The 6 Ss were 

iting with 5 sec. blackout and reinforcement opposite S!, S* 
was give i 7.5-sec. variable interval discriminations did 

hedule " é Sl lar criterion level in absolute stimulus 
Next, a 7 s¢ ‘lay 4% positive reintorce group, ea h S followed 
nent (Ferster, 1958) was introduced to key of discriminations and 
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TABLE 1 


TRAINING AND GENERALIZATION STIMULI 





Response Training 


Generalization 





Simple operant 567 509 or 449 


Group II 
Discriminated 
operant 


631 
509 
509 





Note.—Wave length in millimicrons 


as shown in Fig. 1. The details of this design 
are presented in Table 1. 


RESULTS 


The experimental hypothesis postu- 
lates an inverse relationship between 
the steepness of generalization and the 
magnitude of the jnd for the specific 
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Wavelength 
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500 


Individual generalization gradients 


631 
567 
509 


610 
546 
489 


SG. We predict, on the basis of the 
human differential hue function 
(Wright, 1947, Fig. 95), relative 
shallowness of gradient in the 630-, 
530-, and 450-my regions (where jnd’s 
are relatively large) and relative steep- 
ness in the 580- and 490-my regions 
(where jnd’s are small). 














| 


In Millimicrons 


x a T a. t 
550 600 50 500 550 


(The dashed lines designate the simple 


operant gradients, arrow at the S4; the solid lines designate the discriminated operant gradients. 
lhe numbers identify the order of administration of the successive discriminations and gen- 


eralizations. Six Ss are depicted here.) 
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Gradients were obtained by simply 
summing responses obtained by each 
SG. Figure 1 depicts the generaliza- 
tion of both the undiscriminated and 
the three discriminated operants of 
the 6 Ss. Generalization of the un- 
discriminated operant was measured 
in only 4 Ss. It is apparent, first, 
that the undiscriminated operant gave 
an almost horizontal gradient. There 
is a mild downward tendency which 
does not appear related to jnd magni- 
tude in the manner predicted. Such 
near-horizontal gradients are of little 
value in testing the effect of differ- 
ences in jnd size. Any differences 
cancel out when cumulated over more 
than 50 mu of wave length. 

The three gradients following dis- 
crimination training are much steeper. 
Their shapes are, in almost all cases, 
bell-shaped, i.e., the response decre- 
ment first accelerates and then decel- 


erates. From a casual perusal, it 


145 


appears Ss Ha, Ch, and Bu show 
steep gradients (descending) in the 
580-mu region (jnd small); Ss Ka, Fo, 
and Be show steepness in the 490-my 
region (jnd small); Ha, Ch, and Bu 
show shallowness of gradient in the 
450-my region (jnd large); Ka and Be 
show shallowness of gradient in the 
630-myz region (jnd large). These 
gradient differences are in the direc- 
tion predicted by the experimental 
hypothesis. 

If we take each gradient and express 
the number of responses emitted 
during an SG presentation as a per- 
the maximum emitted 
during any of the seven SGs, we can 
plot relative gradients, which make 
slope comparisons easier. This is 
done for all 6 Ss in Fig. 2. The follow- 
ing would appear consistent for all 
3 Ss in Group I: the 509-449 my 
gradient is steeper than the 631-567 
my gradient in its descent from S* to 


centage of 
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Response 

















Maximum 


of 


Percent 


ane 
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s° 10 20 30 40 50 60 
Wovelength 


s° 10 20 30 40 50 60 
Deviations 


s° 10 20 30 40 SO 60 
From 50 In Millimicrons 


Individual generalization gradients of 6 Ss in three adjoining spectral regions 


sponse totals are here expressed as percentages of the maximum response total.) 





146 


S* (in this case the 631-my S* has a 
larger jnd than the 509-my S4). For 
Group II the 3 Ss show shallowness 
in the slope of descent in the 449-509 
my region (jnd at the 449-my S¢ is 
relatively large) and Ss Ha and Ch 
show delayed ascent in the 631-my 
region (jnd at the 631-my S4 is rela- 
tively large). Moreover, the relation- 
ships between the three gradients in 
Group I are reversed in Group II. 
This should follow if jnd’s are exer- 
cising any the S?*, S4 
assignments are reversed from Group 
1 to Group Il. The results suggest 
a generalization-discriminability rela- 
tionship in the direction predicted. 
We now turn to a statistical evaluation. 


effect since 


\s is customarily the case with stimulus 
generalization gradients, 
was highly correlated 


response strength 
with its variability, 
thus precluding analysis of variance either on 
the raw data or on any customary transforma- 
tions. Our main interest centered on some 
simple index of gradient slope 


a generalization 


rhe slope of 
viewed as a 
variability of the 

which can elicit the training response. 


curve can be 
measure of the stimuli 

his 
can be estimated by taking the cross product 
of each S*-SG distance in millimicrons and 
the number of that SG elicited, 
summing over the seven cross products of a 
test day, and dividing by the total number 
of responses elicited that day. We obtain an 
average deviation statistic which is directly 
proportional to slope shallowness. Analysis 
of variance, mixed design, was performed on 
this statistic 


responses 


If changes in jnd size modify 
gradient slope, this would be reflected here as 
a significant Group X Region 
which was in fact the case with a P < .02 
F = 7.45; df = 2/24) 


be recalled, 


interaction, 


The design, it will 
one group's predicted 
gradient against the other's 
predicted steepness, thereby achieving a null 
combined effect for the two groups together. 
Accordingly, the Regions SS was not above 
chance expe tation (F < 1.00 A significant 
Day SS (F = 2.89; df =6/8: P < .05) 
reflects the effect of extinction, the gradients 


placed 
shallowness of 


becoming steeper on successive testing days 
\re 


dient differences in proportion to the 


the magnitudes of these 


o 
gra 


magnitudes of the corresponding jnd 
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differences? Since the peak trans- 
missions of the filters are not spaced 
along equal steps, gradients across 
regions can be compared only if one 
interpolates, linearly in this case, 
along 10-my steps. It is assumed that 
for distances of 10 muy, rhesus gen- 
eralization gradients do not depart 
seriously from linearity, which seems 
not unreasonable at the present level 
of precision. The question of interest 
is the departure of some specific gra- 
dient from an average gradient, i.e., 
with a difference gradient. There- 
fore, the three gradients of each S$ 
were combined to obtain his average 
gradient, and then the individual 
gradients were expressed as deviations 
from this average. These are shown 
in Fig. 3 for the individual Ss. Values 
above zero reflect relatively shallow 
gradients; negative values reflect rela- 
tively steep gradients. Each of th 
six graphs represents a group's per- 


formance in one region. It can be 
seen, first, that a certain measure of 
inter-S 
dient example, 
Group II curves in the 567-631 


region, and the Group I curves for 


agreement is present in gra- 


deviations, for the 
mu 
the same region. This again reflects 
the wave-length-tied discriminability 
function. Systematic deviations for 
the middle spectral region, 567-509 
mu, are weak if present at all. 

Figure 3 brings to light an inter- 
esting finding. There are never devia- 
tions from average gradients at the 
S* and S4 The largest 
deviations appear between S* and S4. 
This is interesting because at 631 muy, 
e.g., one of the training stimuli, there 
is a jnd decidedly larger than average, 
yet no corresponding 


themselves 


deviation in 
generalization; the same can be 
for 449 mu. 
and 600 mu, positioned between S“ and 
S+, there is 


said 
At other loci, e.g., 480 
a strong deviation from 
average both in the magnitude of the 
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GROUPT 


@ Ke 


%e Gradients 


EE 
$09 


s 
Wevelengts 


From Average 


1ons 


Deviol 


Wovelengts 


Fic. 3 
performance in one region 
from their own average gradients. 
average jnd } 


jnd and in the generalization gradient. 
This seems to imply that the generali- 
zation gradient is responsive, in the 
present experiment, to the deviations 
in the cumulated jnd, not to deviations 
in the jnd itself. 

A measure of deviations in cumu- 
lated jnd’s was derived. For the ith 
spectral (2 = 449-509 mu; 
509-567 mu; 567-631 my), an average 
jnd was first computed. 


region, 


The average 
jnd for the region 7 equals the differ- 
between S;* and S? in milli- 
microns divided by the number of 
jnd’s included between S,“ and S,-. 
A specific generalization stimulus in 
the region z is then taken, SG,; (7=0, 
10 my, 20 mu etc. from S*) and 
the distance is counted off between the 
training stimulus S,“ and SG,; in 
average jnd's; also that same distance 


ence 


Deviation gradients in three spectral regions. 


a -fe o-sN0 


GrRouPT 


@-68y a-*6 


limicrens 


(Each figure depicts one group's 


rhe filled data points record deviations of individual subjects 
The dashed line depicts deviations from the cumulated 


is counted off in the jnd’s obtained 
from the AX function. The 
difference the two counts 
gives the measure desired, depicted 
by the dashed lines in Fig. 3. Nega- 
tive reflect an accumulation 
of larger-than-average jnd’s 
sensitivity) ; 


human 
between 


values 
{poor 
values _ reflect 
an accumulation of smaller-than-aver- 
age (high sensitivity). By 
definition, this measure is zero both 
at S* and S4. the 


positive 
jnd’s 


Figure 3 shows 


function to be, if anything, inversely 


related to the 
This is clearest in 


gradient deviations 
the 449-509 my 
region where Group II has, from 449 
to 489 my accumulated larger-than- 
average jnd’s, thus giving a deviation 
of —.11 at 479 my (poor sensitivity) 
and positive deviation in generaliza- 
tion gradient at that point (shallow 
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slope). For Group I, as one progresses 
from the S¢ at 509 my one cumulates 
smaller-than-average jnd’s because 
we are in a relatively sensitive spec- 
tral region, to a maximum of +.11 
at 479 my. The generalization gra- 
dient has an increasingly negative 
deviation (slope is steep) that in- 
creases until 479 my and then returns 
to zero when S° is reached. In the 
631-567 mu region, Group I and Group 
II show the reverse progression but 
the same discriminability-generaliza- 
tion relationship. Now it is Group I 
that cumulates larger-than-average 
jnd’s as one progresses from the S¢ at 
631 mu to a deviation of —.10 at 
611 my (poor sensitivity) and a posi- 
tive deviation in generalization (shal- 
low slope of generalization). Group 
Il accumulates smaller-than-average 
jnd’s from the S¢ at 567 my to 607 mu 
(high sensitivity) 
deviation in 
slope of 


and a_ negative 
generalization (steep 
generalization). In the 
middle region, 567-509 mu, where the 


cumulated-jnd deviation function re- 


verses in midstream, the relationship 


is either absent or so attenuated as 
to be indiscernible. 


rABLE 2 


CORRELATIONS BETWEEN GENERALIZATION 
GRADIENT DEVIATIONS AND THE 
CUMULATED jnd DEVIATION 
FUNCTION 


Region 


Subjects 





Group I 


631-567 mu 
509-567 mu 
509-449 mu 





Group II 





567-631 mu 
567-509 mu 
149-509 mu 











*P <.05 
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The Spearman rank correlations 
for the 6 individual Ss and the two 
groups are given in Table 2. The 
group correlations, particularly in 
the 631-567 mu 509-449 mu 
regions are large enough to support 
the hypothesis that deviations in 
generalization gradient and cumula- 
tive deviations in jnd rate are inversely 
related. 
lations 


and 


The individual rank corre- 
also generally support this 
position, with some individual excep- 
tions to the rule. 


DISCUSSION 


What makes the length dis- 
criminability-generalization relationship 
elusive, such that it appears in two stud 
ies and is totally absent in two others? 
In their discussion, Guttman and Kalish 
(1956) concluded that the action of dif- 
ferential 


wave 


sensitivity on generalization 
was effective in a discriminative situation 
but not in the 
operant. We will 
discussion in the 
studies. 


emission of a simple 
this 


subsequent 


now continue 


light of 


The first reason we propose why this 
that without discrimination 
training, generalization gradients include 
more error variance. This in turn masks 
the rather subtle differential effect of 
the jnd. This additional error variance 
arises from at least two sources. 


1s so 18 


One has 
to do with the inevitable discrimination 
training which occurs during the develop- 
ment of a simple operant. For example, 
this occurs at a moment when the pigeon 
is looking at the side of the box and 
pecking the wall, instead of the key. 
Such discriminations necessarily steepen 
gradients. Moreover, this adventitious 
discrimination training will necessarily 
vary from S to S and will set up inter-S 
variations in gradients. If within-S 
gradient comparisons are made, error 
variance arises from the course of this 
adventitious discrimination training at 
The £’s introduction 
of discrimination training toa percentag« 
criterion level has the effect of making 
such training explicit and uniform for 


the successive S“ 
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tested. It an 
chors the slope of the gradient at two 
the and S-. 
\ second source of variability arises from 


the stimulus dimension 


points on continuum, S* 


stimulus preferences. For example, it 
is well established that the pigeon has a 
When tested for 
generalization, it appears to generalize 


proclivity for 580 mu. 
strongly into 580 my. This is puzzling 
sometimes because at 580 my the jnd 
sensitivity). It 
appears likely that there is merely more 


is quite small (high 
pretraining response strength at 580 mu. 
training such 
They 


effects by 


In discrimination prefer- 


ences are weakened. can be iso- 
lated jnd 


4. S° assignments in two groups. 


from balancing 


The second and more fundamental 
reason why the jnd effect on discrimina- 
tion is clear in a discrimination experi- 
ment and not in the generalization of a 
simple operant is that in a discrimination 


experiment we usually present only two 


stimuli at some arbitrary interval while 


in a generalization experiment we cus 


tomarily present a repeated series at 


equal physical intervals. Repeated series 
of generalization trials were given in the 
Guttman and Kalish (1956) experiment 
and 


three initial 


two series of 132 extinction trials 
in Blough’s (1961) study 
series of 66 trials). The generalization 
gradient is probably not invariant across 
changes in the distribution of the gen- 
of refer 
1939). When 
there 
T his follows in 


eralization stimuli: the ‘‘frame 
effect (Humphreys, 


SGs are densely 


ence” 
distributed, will 
be less generalization. 

from the fact that 


generalizes and summates. 


part extinction also 
Suppose, as 
the SGs are 


in uniform steps of 10 my, but with jnd’s 


in previous studies, that 


of varied sizes. If a series of GSs are 
presented repetitively under extinction, 
extinction will cumulate and generalize 
Where jnd's 


are large, a shallow gradient of general- 


from one GS to another. 


ization is expected. Thus more positive 


response strength will generalize from 


S* to GS. But more negative response 


strength resulting from extinction will 


also generalize, from one GS to all the 
others. If the 
effects generated by equally spaced GSs 


this is case, extinction 


HUE DISCRIMINABILITY 149 
would act precisely in such a manner as 
to cancel the positive differential effects 
of the jnd. The final is that S§ 
appears to be generalizing to physical 
rather than to 
the differential properties of his receptor 
The result is dependent on E's 
choice of GS spaced at physically equal 


result 


wave-length distances, 


system. 
In discrimination training, 


10-my steps. 


since only two stimuli are presented 


during each training sequence, the same 
effect should not appear 
and the jnd is then seen to be effective 


cancellation 


The balancing of positive and negative 
response strength to cancel out the jnd 
effect manifested in the Kalish 
(1958) study because there is no extinc- 


was not 


tion, in the usual meaning of the term, 
during psychophysical measurements on 
the method of 
present study, 


human Ss, e.g., using 
the 
this cancellation was not realized, first, 


the 


single stimuli. In 


because stimuli were not evenly 


spaced, and second, because no series 
Thus, 


for different reasons, both studies yielded 


longer than four was presented. 


positive results. 


SUMMARY 


An experiment evaluated the widely held 
that 
and resolution capacity are 


gradient 
related 
Four rhesus macaques were trained to emit 


view slope of generalization 


inversely 


a simple operant to a monochromatic hue in 
the 450-630 my range 
then 


Generalization was 
this 
almost 
discriminated with 
respect to wave length (S S* about 60 mu 
apart) were then developed in these Ss and 2 
additional Ss 


as before but in nominal 10-my steps. Each 


measured under extinction 


rhis gradient was, in all cases, 


acToss 
range 


horizontai. Operants 


Generalization was measured 


S was trained to discriminate and generalize 
three successive pairs of stimuli. A number 
of the gradients revealed differences in slope 
which were in accordance with the predicted 
Analysis of 
tions in gradient slope suggested these were 
related not 
jnd size but, 


inverse relationship the devia 


to deviations from the average 


rather, to deviations from aver 


age cumulated jnd’s. A measure of deviations 


from average cumulated jnd’s was derived 


and a high negative correlation to the gradi 
ent deviations was shown to exist It was 


concluded that some infrahuman generaliza 
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tion gradients do reflect the S‘-SG distance 
in cumulated jnd’s. Some factors that may 
have masked this relationship previously were 
discussed. 
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ily o 


In a series of studies on verbal maze 
learning (Ernst, Hoffeld, Seidenstein, 
& Brogden, 1960; Namikas, Thomp- 
& Brogden, 1960; Thompson, 
Voss, & Brogden, 1957), the form of 
the serial position error curve Was 
found to be altered 
of a pleonasm in the standard maze 
pattern. 
doublet 


son, 


by the location 
The pleonasms used were a 
(two successive identical 
items), a split-doublet (two identical 
items with a different 
them), a triplet (three 
identical items), and a quadruplicate 


Al- 


though there is no evidence that any 


item between 


successive 
four successive identical items). 


of the experimental patterns produce 


any difference in acquisition from 
that for the standard pattern, each 
produces a significant, characteristic 
in the of the serial 


position error curve at the locus of 


difference form 


the pleonasm. Locus of pleonasm is 


significant for certain experimental 


others. The 
pleonasm effect may vary as a func- 


patterns and not for 
tion of stage of practice and of the 
error measure, whether all errors pet 
trial the first 
trial (first errors) 


Verbal 


involves 


or only response per 


are ¢ onsidered. 


ne 
tik 


maze learnt necessarily 


the 
a dis¢ overy 


correction procedure 


and phase that may be 


distinct from and a prerequisite to 


a later acquisition phase (Melton, 
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School from funds provided by the Wisconsin 
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Wisconsin 


If 
maze 


] 


1950). 
by 


list 
learned by the 
anticipation method, the noncorrec- 
tion procedure is a necessary 


the same representer 


serial 


a is 
com- 
ponent and the discovery phase is 
either absent or of much lesser magni 
tude. Thesedifferences between meth- 
ods suggest that the effects of pi 
terns including pleonasms will be dif 


ferent. 


t 
tl 


Because the first error meas 
ure of maze learning is comparable 
to the error measure of serial anti 


pation learning and because there 


little or no discovery phase with serial 
anticipation learning, the effects of 
pleonasms for this 
likely to be represented by decreases 
in error relative to comparable posi- 
tions for the control list, and acquisi- 
tion of the experimental patterns 
should require fewer trials and show 
fewer total 
list. 
was 


procedure are 


errors than the control 


The experiment to be reported 


designed to test the above 


hypotheses. 
\MIETHOD 


Design rhe experimental design 
each with a 
(doublet, split-doublet, 


cate 


ol four patterns, 
triplet, or quadruy 
at three locations middle, or 
in the list) and the control list compose: 


early, 


four times to provide a length of 16 

control list is identical with the control maze 
pattern used in previous studies (Ernst et al., 
1960; Namikas et al., 1960; Thompson et al., 
1957). Each experimental pattern is a limited 
modification of the control pattern that pro 
vides for the location of the appropriate 
pleonasm without changing the frequency of 
the four numbers, introducing other pleonasm 
elsewhere, or altering the length of the list 


Each of the 12 experimental patterns was 





R. L. ERNST, C. P 
permuted to obtain the four sublists so that 
each of the four numbers (10, 20, 30, 40) 
occurs once in each of the 16 positions. 

Subjects The Ss were 312 University of 
Wisconsin students of elementary psychology 
There were 24 Ss in each of the 13 groups, and 
6 Ss in each group learned one of the four 
subpatterns. Each of 2 Es tested one-half 
of the Ss for each subpattern of each group 
Assignment of Ss to E and to experimental 
conditions was random within each replica- 
tion. 

Procedure.—The Chomp- 
son, Voss, and Brogden (1957) were modified 
as follows to make them appropriate to serial 
anticipation learning and were read by E 
to each S. 


instructions of 


In this experiment you will be required 
to learn a single list of numbers. These are 
the numbers used: 10, 20, 30, and 40. 
Each number will be used more than once 
in the list. The first trial is a study trial 
and will show you the series of numbers. 
On the next and all subsequent trials you 
will try to anticipate correctly each succes- 
sive number in For example, 
when the word sTarT is presented on the 
screen, you will try to respond with the 
first number of the series. When the first 
number is on the screen, you will try to 
respond with the next number, and so on 
to the end of the trial. In other words, you 
will try to keep one step ahead of the pro- 
jector making only one 
posure. 


sequence. 


response per ex- 
Please respond as fast as you can. 
When the first trial is completed, there will 
be a short rest before the second trial is 
started. We will 
trials 


continue with similar 
until you are able to make 
repetition of the series without error. 
there any questions? 


one 


Are 


After answering any questions, the appro- 
priate list was presented to S by means of a 
Dunning Animatic strip film projector. The 
duration of each item was sec. 
and the items followed each other in sequence 
until the end of the list was reached. The 
intertrial interval was 30 sec rhe projection 
screen was a 5.5 X 7.5 in. rectangle of frosted 
glass set ina 2 X 3 ft. piece of plywood painted 
flat black. The screen and projector were 
placed on a table at the screen end of which S 
was seated with an approximate viewing 
distance of 30 in. The stimuli were } in. high 
at the screen. The procedure described in 
the instructions was maintained until S 
reached the criterion of one errorless trial. 
The E recorded the response for each position 
of the list on each trial. 


stimulus 
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RESULTS 


Evaluation of the effects of pattern 
and pleonasm location in the serial list 
upon speed of acquisition was made 
by separate analyses of variance each 
for trials and errors to the criterion 
for each pattern and 
location versus the control list, and 
between all patterns and pleonasm 
location excluding the data for the 
control list. Tests of homogeneity of 
variance show the data to be hetero- 
geneous. 


its pleonasm 


Because of this, statistical 
significance for these and all sub- 
sequent analyses was set at the 1% 
level in lieu of the 5% level. Of the 
separate analyses, the source of varia- 


tion represented by location of pleo- 


nasm versus the control pattern show 
significant F ratios for the split- 
doublet triplet with the trial 
measure for the split-doublet, 
triplet, and quadruplicate with the 
error measure. 
tween all 
location 


and 
and 


In the analyses be- 
patterns and _ pleonasm 
with the control data ex- 
cluded, pattern, pleonasm locus, and 
the interaction of pattern and pleo- 
nasm locus are significant for both 
trials and errors. No other source of 
variation is significant in any of the 
above analyses except that for sub- 
pattern (permutation of numbers) in 
the case of the doublet with the trial 
measure, and this is without meaning 
in the experimental design. 

The represented in the 
analyses are presented in Table 1. 
Range tests (Duncan, 1951) of the 
differences means for sig- 
nificant sources of variation in the 
analyses of give almost 
identical results for the trial and 
error data. For the split-doublet, 
the mean for Locus 1 (early) is 
significantly smaller than the means 
for Locus 2 (middle), Locus 3 (late), 
and the control pattern, which do 
not differ significantly among them- 


means 


between 


variance 
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TABLE 1 


Group MEAN TRIALS AND ERRORS TO ACQUISITION CRITERION 


Doublet 
Split-doublet 
Triplet 
Quadruplicate 


Overall mean 96 


Control group Mean Trials = 14.88 


selves. All means of the triplicate 
significantly smaller than that 
for the control, but are not signifi- 
cantly different from each other. |All 


means for the quadruplicate (error 


are 


measure only) are significantly smaller 
than that for the control list, but do 
Of the 
overall means for locus regardless of 


not differ among themselves. 


pattern, that for Locus 1 is signifi- 
cantly smaller than those for Loci 2 
and 3. Of the overall for 
pattern regardless of locus, the mean 
for the split-doublet is significantly 
larger than those for all other pat- 
terns, and the mean for the triplet is 
significantly smaller than that for the 
doublet. Of the means representing 
the interaction of pattern and locus 
of ploenasm, those for Loci 2 and 3 
for the split-doublet are significantly 
larger than all other means. There 
differences 


means 


no other significant 
between the means. 
Initial analysis of the form of the 
serial position error curves was ac- 
complished by a separate analysis of 
variance for each kind of pleonasm, 
involving the data for the three loci 
of pleonasm and the control list. In 
each of these four analyses, significant 
F ratios were obtained for serial posi- 
tion, and for the interaction of serial 


are 


Pleonasm Locus 


Overall Mean 


(Middle) 


Errors ig Trial Errors 


68.08 
111.13 
40.96 
44.42 


11.99 
15.65 

8.64 
10.53 


65.58 
89.63 
41.53 
49.69 


66.15 


Mean Errors = 


position and pleonasm locus. Since 
there are significant differences in 
total errors to the acquisition criterion 
for pleonasm location in the split- 
doublet pattern, and between the 
control and other patterns, the error 
data for each S at each serial position 
were converted to percentage of his 
total errors. Analyses of variance 
completed on the transformed data 
also show uniform results of significant 
F ratios for serial position and the 
interaction of serial position and pleo- 
nasm locus. The differences in the 
form of the serial position error curves 
are shown in Fig. 1 where each experi- 
mental curve is presented in com- 
parison with the curve for the control 
pattern. Although most of the exper- 
imental curves show differences in 
form from the control curve at the 
positions of the pleonasm, there also 
are differences between the experi- 
mental curves and the control curve 
at other serial positions. Since these 
latter not appear to 
bear any relationship to any variables 
of pattern, all further analyses of the 
effect of pattern upon the form of the 
serial position error curve are re- 
stricted to those positions at which 
pleonasms are located. 

The difference in 


differences do 


of 


percentage 
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tion error curves in terms of percentage of total errors as a function 
of pleonasm and pleonasm location 


for each position of the 
pleonasm (plus the preceding 
following position ) the 
percentage of total error for the con- 
the 


total error 
and 
irom mean 


trol group at identical serial 

Analyses of 
for the three 
pleonasm each of the 


four pleonasm types were completed. 


vas computed. 
of data 


locations for 


position 


variance tne 


In each of these four analyses serial 
position and the interaction of serial 


position and pleonasm_ locus 
significant sources of variation. The 
t test was used to establish fiducial 
limits for each of the four sets of data 
at the 1% level for the means over 
loci thus providing for assessment of 
the serial position effects shown in 
the far right column of Fig. 2 and 
for the means of the three loci, thus 
providing for assessment of the inter- 
action of serial position and location 


are 
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shown for each row in the 


three left 
For the data 
over all loci, the effect for the doublet 
is a decrease in error at the second 
position; the split-doublet is an in- 
crease in error at the third position; 
the triplet is a decrease in error at 
the second and third positions; and 
the quadruplicate is a decrease in 
error at all four positions. Range 
tests (Duncan, 1951) show no signifi- 
cant differences in magnitude of 
decrease in error as a function of 
position for either the triplet or the 
quadruplicate. 

the detailed results of the 
analyses of the interaction of pleo- 
nasm and locus are complex, only the 
The maxi- 
pleonasms is at 


hand columns of Fig. 2. 


Since 


general results are noted. 
mum effect for all 
Locus 2. The minimum effect occurs 
at Locus 1 for the triplet and quad- 
ruplicate and at 3 for the 
doublet and split-doublet. There is 
a unique form of the split-doublet at 
each locus, but the other pleonasms 


Locus 


show consistency in form over loci. 

The error data were tabulated for 
each S for each half of trials to the cri- 
terion for each of the positions of the 
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Fic. 2. Pleonasm effects as a function of 
locus within the series and position within 
the pleonasm. (The dotted horizontal lines 
represent the fiducial lumits at the 1% level 
of confidence.) 


LOCATION 


IN SERIAL LISTS 
pleonasms plus the preceding and fol 
lowing position, and converted to pet 
centage of total error. The difference 
from the mean of similar measures f 
the control list was obtained and 

yses of variance were conducted se] 
rately for each pleonasm. Stage of 
learning is a significant source of varia- 
tion for the triplet, for the interaction 
of stage of learning and pleonasm locus 
for the triplet and quadruplicate, and 
for the triple interaction of stage of 
learning, pleonasm locus, and serial 
position for the split-doublet, triplet, 
and quadruplicate. All of 
fects indicate fewer errors during 
the second half of trials than during 
the first half except that the triple 
interaction for the split-doublet indi- 
cates an f 


these ef- 


increase in error for the 
half of trials at third 


position for Locus 2. The form of the 


second the 
curves for the first and second halves 
of trials is substantially the same i 
all cases except for the split-doublet 
at Locus 2. 

DISCUSSION 


The hypotheses which the expe 
was designed to test were confirm 
The introduction of pleor 
either increases speed of acquisiti 
that for the control list or has n 
Increased 


part. 


of acquisitio1 
for the triplet and quadruplicat 
for one locus of the split-doublet 
differences in speed of acquisitio1 
for the doublet and for two loci 
split-doublet. Pleonasm 
differential effect the form 


speed 


locus 
upon 
serial position error 
Maximum 
locus in the middle of the list. The 
effect occurs for the triplet and quad 
plicate with early locus and for the d 

let and split-doublet with late locus. The 
nature of the effect for a given pleonasn 
is similar at all loci, except for the split 
doublet. | 


curve in all 
] 


effect occurs for | 


The mean effect over all loci 
is a decrease in error at the second posi 
tion for the doublet; an increase in error 


at the third position for the split-doublet 


a decrease in error at Positions 2 and 3 
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for the triplet; an increase in error at 
the —1 position and decreases in error at 
Positions 1, 2, 3, and 4 for the quadrupli- 
Stage of learning is not a significant 
factor in the form of the pleonasm effects 
except in the case of the split-doublet. 


cate. 


In contrasting maze and serial antici- 
pation learning, the control pattern or 
list is acquired with a mean time of 
772.9 sec. and a mean of 110.8 total first 
errors as a maze (Ernst et al., 1960) and 
with a mean time of 476.2 sec. and a 
mean of 81.3 total errors as a serial list. 
Both differences in favor of serial learning 
are statistically significant. These re- 
sults are comparable to those obtained 
by Thompson and Brogden (1958) in 
comparing the correction procedure with 
a modified correction procedure similar 
to the procedure for serial anticipation 
learning. Serial position error curves 
for the control list in percentage of total 
error are presented in Fig. 3 for maze 
The form of these 
curves appears to be substantially the 
same for the two methods of acquisition 
and because of this no statistical analysis 


and serial learning. 


of difference in form was made. 
The effect of locus of pleonasm for 
maze and serial learning cannot be com- 
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Fic. 3. 
control list 
anticipation 


Serial position error curves for the 
acquired by maze and 
learning. (The all-error 
first-error curves for maze learning are from 
data of Ernst et al., 1960.) 


serial 


and 


different loca- 
tions were used in the two sets of experi- 
Comparison of pleonasm effect, 
regardless of locus, is possible but only 


in terms of the first 


pared precisely because 


ments. 
error measure ol 
maze learning and the error measure of 
serial learning (Thompson & Brogden, 
1958). 


centage of total error for the appropriate 


Figure 4 presents curves of per- 


pattern positions. Curves for the all- 


error measure of maze learning are also 


» 





. Tt. 
SERIAL LEARNING 
, —e 


>w 


MINUS CONTROL 
' 


n—- O-N WwW 


IN PERCENTAGE ERROR 
: 2 
ow 


tJ ins: sal 





ym 


‘=— .. 3 
MAZE LEARNING 
@--O ALL ERRORS 


®--@ FIRST ERRORS 


DOUBLET _ SPLIT-DOUBLET. TRIPLET 
ee wert ews Or 


QUADRUPLIC ATE 


1.5 2 Dee £2 gs a 








OF EXPEIMENTAL 


DIFFERENCE 


e., ! 241 =| I 


2 34° 


= 1 234 e-1 123 4+41 


PLEONASM AND SERIAL POSITION WITHIN PLEONASM 


Fic. 4. 


first-error measures of maze learning. 


Pleonasm effect as a function of serial anticipation learning and of the all-error and 
(The curves of maze learning for the doublet and split- 


doublet pleonasms are from data of Ernst et al., 1960, and those for the triplet and quadruplicate 


are from data of Namikas et al., 1960.) 





PATTERN AND PLEONASM 


included to provide complete presenta- 
tion of the pleonasm effects. The form 
of the first error curves for maze learning 
and the curves for serial learning are 
strikingly similar. The relative magni- 
tude of the effect is greater for serial 
learning than for maze learning for the 
doublet, triplet, and quadruplicate. This 
difference in magnitude is probably due 
to the discovery phase inherent in the 
maze method which results in an initial 
inhibitory effect of the pleonasm, and 
differences in form as a function of stage 
of practice. 

The split-doublet effect is similar for 
serial learning and both the first-error 
and all-error measures of maze learning. 
It is noteworthy in comparing the split- 
doublet effect to those for other pleo- 
nasms that it consistently occurs as an 
increment in error at the third position. 
The other pleonasms uniformly produce 
decrements in error except for the all- 
error measure for maze learning in the 
case of the doublet and triplet, and the 
position preceding the first position of 
the quadruplicate by all procedures. 

In the learning of lists 
of items comparable to digits by the 
maze and serial anticipation methods, 
a more rapid acquisition in terms of both 
time and errors should always occur for 
the latter method. 
pleonasms 


considering 


The effects of pure 
such doublets, triplets, 
and quadruplicates should be reductions 
in error for learning by noncorrection 


as 


and for first-error measures of learning 


by the correction method. The reduc- 
tions in error should be greater for the 
noncorrection than for the correction 
method and of sufficient magnitude to 
produce more efficient acquisition of the 
series than a 
The 
phase inherent in correction 
learning is responsible for the difference 
in magnitude just noted and also for 
the error increments produced by pleo- 


containing a pleonasm 
random series of the same items. 


discovery 


nasms when the all-error measure is used. 
Pleonasms by the split- 
doublet have a consistent effect 


represented 
should 
of error increment regardless of correc 
tion or noncorret tion learning, stage ol 
practice, or kind of error measure. 
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SUMMARY 


An experiment tested the effect 
acquisition and the form of the serial position 
error curve of type of pleonasm and pleonasm 
locus. The Ss learned by serial anticipation 
a series of 16 numbers, composed of 10, 20, 30, 
and 40 each occurring four times 


upon 


The control 
list was a random sequence without pleonasms 
The experimental lists included one pleonasm 
(doublet, split-doublet, triplet, or 
ruplicate) at one of three loci (early 
or late in the list). 


quad- 
, middle, 
Acquisition was consist 
ently faster for lists with a triplet or quadru 
plicate than for the control list The form 
of the serial position error curve was altered 
by each pleonasm and there was significant 
interaction in 
of pleonasm. 


form of the curve and locus 
The doublet effect is a decrease 
of error at the second position, the split- 
doublet effect is an increase of error at the 
third position, the triplet effect is a decrease 
of error at the last two positions, and for the 
quadruplicate is an increase of error at the 
position just preceding and a decrease of error 
for all four positions of the pleonasm. Com 
parison of the effects of these pleonasms ob 
tained in earlier experiments on maze learning 
was made with the the 
experiment 


results of present 


REFERENCES 


Duncan, R. B 


ences 


\ significance test for differ- 
ranked 
analysis of variance 
171-189 

Ernst, R. L., Horre_p, D. R., SEIDENSTEIN, 
S., & BroGpEN, W. J. Relation of serial 
position errors to doublet and split-doublet 
location in verbal maze pattern 
Psychol., 1960, 59, 94-103. 

MELTOoN, A. W. In W. S. Monroe 
(Ed.), Encyclopedia of educational research 
(Rev. ed.) New York: Macmillan, 1950 
Pp. 668-690 

NamIKAS, G., THompson, C. P., & BROGDEN, 
W. J. Effect of triplet and quadruplicate 
location in verbal maze 
serial position errors. J. 
1960, 59, 383-390 

TuHompson, R. F., & BROGDEN, W. J. 
sition of 


between treatments in 


Va 


an 
J. Sci., 1951, 2, 


B exp 


Learning. 


patterns upon 


exp. Psychol., 


Acqui- 

a verbal maze as a function of 
method of correction and number of alter- 
nate choices per unit. J Psychol 
1958, 56, 501-506 

Tuompson, R. F., Voss, J. I 
W. J Effect of pattern 
verbal maze learning J. exp 
1957, 54, 253-258 


t 
exp 


& BROGDEN, 
variation upon 
Psychol 


Received July 19, 1961 





Journal of Experimental Psychology 


19¢ 64, No. 2, 158-165 


A TEST OF THE ALL-OR-NONE HYPOTHESIS 
VERBAL LEARNING! 


JOANNA P. WILLIAMS? 


Yale University 


The view that associations develop 
gradually with repeated pairings of 
the stimulus and response has been 
a basic tenet of most theories of learn- 
ing (Hull, 1943; Spence, 1956; Thorn- 
dike, 1932). Recently the validity of 
this assumption has been questioned 
Estes, 1960; Rock, 1957); it has been 
instead that in 


suggested learning 


situations involving simple stimuli and 
responses, acquisition occurs on an 
ill-or-none basis. 


Repetition facili- 
tates learning in such cases simply 
by providing number of 
opportunities for an association to be 
formed. A core assumption of this 
position is that there are no “‘strength- 
ening 


} 
{ 


a greater 


effects of trials previous to 


1e one on which the association is 
a response will 
have the same probability of being 
learned each trial. 
From his examination of data from 
the first two trials of a paired-asso- 
ciate experiment, analyzed in such a 
Way to 


from averaging, 


formed; therefore 


on successive 


as remove artifacts arising 
Estes (1960; Estes, 
Hopkins, & Crothers, 1960) concluded 
that the probability of recalling an 
item on a given trial for the first time 
was in fact constant over trials. 

It should be noted tha 
not 


this finding 
inconsistent with a strength 
theory, such as that of Hull (1943) or 
Spence (1956). 


is 


According to such 


! This report is based on a dissertation sub- 
mitted in partial fulfillment of the require- 
ments for the PhD degree at Yale University. 
lhe author is indebted to N. E. Miller, chair- 

ian, and E. A. Fleishman and A. R. Wagner, 
of the dissertation committee, for 
generous assistan 


the Univer 


nbers 


eS. 


ow at sity of Pennsylvania 


158 


a theory, associative strength must 
exceed the threshold of recall before 
a correct response made. The 
easier the item, the fewer the repeti- 
tions required to bring it to threshold. 
Thus, on the first trials of a paired- 
associate list, the easier items will be 
recalled ; later trials, the more 
difficult items, having had the benefit 
of several repetitions, 
threshold. 


1S 


on 


can reach 
In such a manner, accord- 
ing to the strength position, either 
an increase, a decrease, or no change 
in the mean probability of initial 
recall may be produced over trials 
by the proper selection of items of 
various degrees of difficulty. For an 
all-or-none approach, however, item 
heterogeneity could explain a decrease 
in probability over trials (easy items 
are quickly learned and are removed 
from the set of unlearned items so that 
more difficult items selected 
trials proceed), but it could not ac- 
count for an increase. 


are as 


Estes has limited his model to the 
one response measure of recall. How- 
ever, an all-or-none position might 
be expected to have implications for 
other commonly used response meas- 
ures as well. For example, it is likely 
that response latency would be sensi- 
tive to possible changes in response 
strength, especially in later stages of 
learning, when recall is nearly 100%. 
Latency has been used in previous 
studies (e.g., Brown & Huda, 1961; 
Simley, 1933) but not 
analyzed in a way relevant 
all-or-none hy pothesis. 


been 
the 


has 
to 


The present experiment was de- 
signed, using simple paired-associate 
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learning materials, (a) to test one of METHOD 
the fundamental assumptions of the 
all-or-none model that the mean graduates, who participated in th 
probability of initial recall is constant ment to fulfill a co 

over an extended number of trials, similar pretest Ss were used to 
and (b) to examine the all-or-none the materials. 

e.8 ° ° e ° Apparatus The material 
position in the light of a continuous “5% 

5 — was typed in capital letters o 

measure of learning, response latency. 


Sudjects. Phe ‘Ss were 


irse requireme 


machine tape, and was prese 
In addition, the degree to which a 1 X 3 in. aperture in a 12 


items in such a simple paired-asso- #t fates predetermined by 
‘ : : into a small microphone, 

ciate situation can be analyzed as 
; hand during the learning 


independent units was investigated. relays. motors. and timer 


All-or-none data might be produced _ required variations in preset 
if S paid attention to and rehearsed iso the recording of respons 
_ . t .O SO The + Sat 
only a few items on each presentation ‘$ an ef 
. . , : ‘ - hidden from S, recorded 
of the list: this kind of behavior, of sie : ; 
item, and recorded la 


course, would make a “‘trial’’ non- — Standard Electric timers 


equivalent for the various items. For Design.—Each S leat 
example, once an item is learned, the _ letter word pairs. All words 


taken from the Thorndike 
the 1,000 most frequently 
Thorndike & Lorge, 1944 
learned, because the learned item items was made on the b 


would provide a ‘“‘blank’’ period in _ lists were learned by a tot 
which additional rehearsal of the #4 4pproximately 
previous items could take place. To Set 

seaipteat remaining pairs 
test the possibility that the learning — risn) presumably 
of a particular item does influence _ than the original 


one which precedes it in the list might 
have a higher probability of being 


»? 


learning of others near it, opportunity —-P@!rs (e.g., FASI 
° - . be ¢ isily le irned 
for rehearsal was varied. Easily etiger niga 

- i . we ordae oO the pair 
learned items were introduced which, changed from trial to tri 


once learned, could serve as “blank’’ _ paired-associate learning 
periods during which extra rehearsal _ tate analysis, the eas 


a ‘eas 

could take place. n Fustions 6, 15, 8 
%- ; : ticular easy iten 

In addition, rate of presentation gions on different 


was varied. The relatively long ex- items remained i: 
posure time used by Rock (1957) _ to that of an eas 
and Estes (1960) allowed much op- the same thre: 
portunity for rehearsal of each item; Sore Gh anny 


: : or 19), three ot 
a faster rate (more similar tothat used two items in advat 


in most paired-associate experiments), or 18), etc.; again, 


by cutting down on the time allowed ll three equally-dista 
and 19) on different tr 


on each item, would be expec ted to 
} . e | 5 | serial orders of the pairs 

change the opportunity for rehearsal. spec. specifications 

Actually, performance under a fast alternated, so that on 


presentation rate is more relevant pair was (a) in th 


to the issue of all-or-none learning, iJacent to the s: 
: the previous trial 
since with faster rates there is greatet see “ 
: ; othe yord patt 
control of interitem repetition and 


rehearsal f these four pair 
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end positions, but they never appeared at any 
other point in the list. 

Within the main portion of the list, the 
items were arranged in four different se- 
quences for different Ss. The position in 
which each item appeared was chosen ran- 
domly in two of these four sequences. The 
others were simply the first two in reverse 
order, i.e., the pair which had directly pre- 
ceded an easy pair now followed an easy pair 
and was three items removed from it (thus 
appearing at Positions 9, 16, or 23), etc. This 
was done in order to balance the pairs ap- 
pearing at the various positions in the list 
with respect to item difficulty. The four end 
items were completely different for the four 
sequences, and were chosen randomly from 
the data gathered on the pretest Ss. 

The anticipation method was used, and 
material was presented at two rates. For one 
group, both members of the word pair were 
exposed for 1 sec. (fast rate of presentation) ; 
for the other group, each pair was exposed 
for 4 sec. (slow rate). It was felt that these 
values would ensure the best possible manipu- 
lation of rehearsal time on the items. All 
other values were held constant. The first 
word of the pair was presented alone to both 
groups for 3 sec., and there was a 
intertrial interval. 


20-sec. 


Twenty-four Ss were assigned randomly 
to one of the two conditions. Three Ss in each 
condition learned each of the four item se- 
quences described above. 

Procedure.—The task was described, and 
Ss were told that both their responses and 
the latencies of their responses would be 
recorded. A ready signal was given 2 sec. 
before the start of each of the 24 learning 
trials. After the experiment, Ss were asked 
to indicate the items which they had learned 
through simple memorization, and those for 
which they had utilized a mnemonic aid. 


RESULTS 


The 4-sec. group (slow rate) required 


significantly fewer trials (M = 8.8, 
SD = 2.3) to reach a criterion of at 
least 20 out of 25 pairs correct (t= 3.93, 
df = 22, P < .01) than did the 1-sec. 
group (M = 14.3, SD = 4.3). There 
were also reliable differences in the 
mean number of items correct during 
learning: 4-sec. rate: M = 463.2, 
SD = 33.8; 1-sec. rate: M = 383.2, 
SD=74.8 (t=3.34, df=22, P<.01). 


JOANNA P. 
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While the items selected as “easy” 
were anticipated considerably more 
often (M = 266.0, SD = 8.9) than 
the other items (/ = 194.6, SD = 33.3) 
for both the 1-sec. and the 4-sec. 
groups (F = 42.37, MS = 619.5, 
df = 1/38, P < .001), there were no 
reliable differences in the learning 
of the other items that could be 
attributed to proximity to (i.e., either 
before or after) the easy items or to 
an interaction of proximity and pres- 
entation rate, either in terms of the 
mean number of errors before the 
learning criterion (20/25) was reached, 
or in terms of the mean number of 
correct anticipations during the first 
six trials. Thus evidence was 
obtained that would seem to preclude 
treating each item as an independent 
unit for analysis. 

The four additional items placed at 
the ends of the list were not signifi- 
cantly different in learning rate 
(M = 16.2, SD = 3.9) from the regu- 
lar items (M = 14.9, SD = 4.1), 
F=1.55, MS=20.3, df=1/44. Fur- 
ther analyses were done (a) including 
these four items and (6) excluding 
them. Since the results were identical 
in every case, only those analyses in 
which the end items were included 
are presented. 

The probability of correctly antic- 
ipating a response for the first time 
as a function of trials is shown in Fig. 
1 for the first 10 trials for both rate 
groups. Contrary to one of the major 
assumptions of an all-or-none position, 
these curves show a sizeable increase 
over trials. The obtained linear chi 
squares (Cochran, 1954) were 21.80 
and 41.08 for the 1- and 4-sec. rates, 
respectively (df = 1, P < .001 for 
each group). Only those trials on 
which the probability is based on more 
than 100 observations are 
in the analysis. 


no 


included 


At the slow rate of presentation, 
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about half of the regular items showed 
no ‘‘breaks,”’ that is, 
they were always correct on subse- 
quent trials. However, at the fast 
rate, there were significantly fewer 
(94 out of 260) such break-free items 
(x? = 17.50, df = 1, P < .001). At 
both rates there was a greater number 
of break-free items (1-sec. rate: 26 
out of 36: x? = 7.12, df Ff < #1: 
4-sec. rate: 28 out of 36; x? = 11.11, 
df 1,P < .01). There were no dif- 
ferences in the number of mnemonics 
reported by the two groups (¢ 
df 22), but in both 

learned with the aid of 
showed a significantly 

ber correct over the learning trials 
(M 17.2, $B 2.7) than did the 
items memorized (WM =15.1, SD=4.1), 
I 6.33, MS 57.4, df 1/44, 
P < .025. In addition, there were 
fewer memorized items (33 out of 94) 
he eB 


once correct, 


25 
items 
a mnemonic 
greater num- 


groups 


among the break-free items (x? 
df lL. F< Be), among 
the break items, about half were 
memorized and half learned with the 
aid of a mnemonic. 


whereas 


AL RECALL 


wiThH EASY 
iTems / 

] fi 
" // 
ps 
ee 


PROBABILITY OF INIT 


y 
WITHOUT EASY ITEMS 


. = 6 

TRIALS 

FIG 1 The 
anticipating an item for the first 
and 


The statistical analysis was 


probability of correctly 
time, as a 
function of trials presentation rate 
done on the 
the curve that based on more 


100 observations, 


portion ol 


thar is indicated 


LEARNING 


ITEMS WITH 
~e pg BREAKS 
™ 


“ 
o~ 
~o. 


BREAK - 
°. # FREE ITEMS 
° 


MEAN LATENCY (IN SEC.) 


SUCCESSIVE CORRECT RESPONSES 


Fic. 2 
first 


Mean latency of their 


anticipation, and on successive 


items on 
correct 
correct anticipations Since there were no 
differences in latency between the two presen- 
tation rates, the data for both groups have 
been combined.) 


There is a similar ordering of items 
in terms of latency. 
exhibit the lowest initial latencies 
(M = 1.71 sec., SD .29); and for 
those items which, once correct, are 


The easy items 


correct on all subsequent trials, the 
initial latencies are lower (M/ 1.87, 
SD = .20) than for pairs in which 
there are breaks (J = 2.02, SD=.28). 
These differences are significant at 
the .05 level (F 7.85, MS 707.54, 
df = 2/66). Correlations between the 
presence of breaks and initial latency 
were calculated: the point biserial r’s 
were .60 and .58 for the 1-sec. and 
4-sec. respectively (df 10, 
P < .05 for both cases) 
there was a although it 
did not reach conventional levels of 


rates, 
Moreover, 
tendency, 


which 
learned with the aid of a 


significance, for items were 
mnemonic 
latencies (./ 1.58, 


.17) than did those items which 


to show lower 


SD 


} Most of the latency scores fell between 
1 and 2 se Because of this, and because of 
the small departure from normality in the 
distribution of scores, transformation of the 
data into reciprocals did not seem warranted 
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TABLE 1 


UN SEC 
RATI 


Trials 1 


Break-free 


Break 


were memorized (J =1.69, SD=.17), 
F = 3.61, df = 1/32, P < .07. 

In order to assess changes in the 
strength of association after the point 
of initial recall, latencies of individual 
Figure 2 pre- 
sents the mean latency of each item 
on the trial on which it first 
correct, and on each successive correct 
trial. The individual item 
decrease over trials, and the ordering 


pairs were examined. 
was 
latencies 


of the items as it appeared in the 
initial the 
course of correct trials. 
The latencies for blocks of 
trials are shown in Table 1, and the 
analysis of variance is presented in 
Table 2, indicating that the main 
effects of blocks of trials and type of 


latencies remains over 
suc¢ essive 


mean 


VARIANCI 
LATENCIES 


ANALYSIS OF 


Rate of presenta- 
tion (A) 

Item type (B 

Blocks of trials 


OVER BLOCKS Of 


RIALS FOR ITEM TYPES AND 


OF PRESENTATION 


Trials 4-6 Trials 7-9 


Mean Mean 


1 
1 


break-free, break) 
significant, that rate of presentation 
effect, and that 
there are no significant interactions. 
Estes (1960), ‘“‘to 

the behavioral 
with a 
in latency is learned on an all-or-none 


item (easy, are 


has no significant 


According to 
; : 
determine whether 


P ° 
change associated decrease 


basis, we would need a similar analy- 
sis [i.e., his probability analysis on 
individual items ] with some criterion 
of change in latency as the dependent 
variable’ (p. 221). Following this 
suggestion, two latency scores, 1.75 
1.30 sec chosen as 


sec. and .» were 


learning criteria. Figure 3 presents 


PV, 30 sec 

4 ! 

sa LATENCY 
OR LESS 


PROBABILITY 


> WITHOUT EASY ITEMS 


Fic. 3 The 
different criterion latencies 
ind 1 as a function of trials 

All points shown are than 


probability of achieving two 
(1.75 sec. or less, 
30 sec. or less 
based on more 
100 observations. ) 
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the probability over trials of achievir practice, and thus yield an artifact 


these latencies for the first time or the direction of results presented 
each item The data from S 17 Support the all-or-none hypothesis 

rr Ss heteroveneit\ 
under both rates have been com! greatest effect of he er geneity 
. | + 4 present experiment is seen in 
since there were no differences . ° ° oss 

, ; ' trials, and it is possible that 

latency as a function of rate. . . 7 
| . } opposing factors. heterogeneit' item 
these criteria, too, there w difficulty and repetition, were also oper 
cant increase over trials ating in the Estes situation. Indeed. it 
chi squares were 60 31, d/ yi » is difficult to conceive of any verbal 
and 66.15, df OF .001, for the materials which would be completely 


1.75-sec. and the 1.30-sec. criteria, homogeneous, especially taking into con 
respec tively. sideration idiosyncratic sources of diffi 
culty. Even Rock’s (1957) experiment, 


Delaile cnotis sionnite ti oP pea wee 
DISCUSSION which utilized simple letters and number 


is learning material, showed a 


The finding re] ) n- bias due to differential ease 
learned items n fa ! ‘ certain of the iter 


probability that y will “learned”’ In this exp 


iment it was 


f ccludse item 


. t 
on a subsequent trial is in direct con to identify and 


tradiction to the all-or-none assumption gyessed correctly in 

| »babilities are no increasing. + »>extent that S remember 

sition, nse items he has already 
ndicating used correctly and whicl as not, 
: ° a ; 


be able to incre; ability 


a correct guess as un (r of ut 


ised esponse tert! | reas n later 


beyond th wo trials, which were trials. This fa 


the ons 


» some increase in t 
in Estes’ <periment, the recall over trials However 
ability of initi | 
the first trial to 
haps this trend 
if the analysis 
trials.4 


When the curves for 


relatively long list used in tl} 
experiment, the maximum p 
crease in guessing efficiency 
first few trials is not very larg 

VT] 


change i } probability from 25 WT 


learned ) to 10 unlearned 
heterogeneous items e . is) 4 items : niv .06 The observed 
included) are compared increase in probability during th 
the more homogeneous i trials, however, was .22 for the e( 
seen that the effect o eter , and 37 for the 4-sec rate. Moreover. 


to counter ! generally rising trend these figures are taken from an examina 
and to produce an act ial decline between tion of the break free items onl 4 
rials 1 and 2. These empirical results ¢}jminates most of the items 
support the expectation that the effect the first recall was du 
of heterogeneity of item difficulty should ‘Furthermore. the actual 
: : eee 

to obscure the rise in performance wi guessing was probably c: 


prey than the allowance ma 

reviou 

fror 's made guesses on o 
the < and 4 ‘ 


ie failure 


remain 
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in the list on every trial. For these 
reasons, it is felt that the effects of in- 
creased probability of guessing correctly 
cannot be used to explain the large in 
crease obtained. 

As training proceeds, the number of 
as-yet-unlearned items decreases, and it 
might be argued that it is this change 
in the effective length of the list during 
learning which accounts for the rise in 
the probability of recall over 
trials. Further analysis of data from a 
previously published experiment (Wil- 
liams, 1961), however, suggests that this 
is not the case. 


correct 


For 10 Ss in that experi- 
ment, the items responded tocorrectly in 
a 12-item list were eliminated oneach trial 
an 1 new ones were substituted for them, 
so that on every trial S was presented 
with 12 ‘unlearned’ items. In _ this 
manner the effective list length was held 
constant. These Ss showed an increase 
in the probability of initial recall over 
trials (P < .001) just as did the Ss run 
in the present experiment. 

The finding that latency decreases as a 
function of practice suggests that after 
the point of initial recall, and after there 
is no further change with to 
the recall criterion, a latency measure 
will reflect a still increasing strength of 
association. This of course is not di- 
rectly relevant to the Estes model, which 
is limited to recall, but it would bear 
on the formulation of a more 


respect 


compre- 
hensive theory of all-or-none learning. 

According to the all-or-none position, 
all items which are learned are learned 
to full strength on one trial: ‘“‘breaks”’ 
after initial recall attributable to 
forgetting of a learned item or to the fact 
that the initial constituted a 
‘“‘guess’’ rather than a learned response. 
The present data indicate that the items 
which show breaks during learning tend 
to be the ones which have relatively high 
latencies on the trials on which they were 
answered correctly. 


are 


recall 


This suggests that 
all items which are learned to a criterion 
of simple recall are not necessarily equal 


in associative —as an all-or- 


strength 


none position implies—either in terms of 


of the items, 


terms of latency scores. 


subsequent recall or in 


WILLIAMS 


Recall was greatly influenced by rate 
of presentation. However, the 
rate, which produced an increase in the 
probability of recall, did not result in 
decreased latency. Perhaps a change 
in rate has a specific effect on latency 
which counteracts the effects to be ex- 
pected by strength. For example, S 
may develop a set or rhythm based on 


slower 


the rate. 

Several operations for influencing 
“‘strength’’—number of trials, of 
presentation, and type of item (easy, 
break-free, break)—were included in this 
experiment, and there is also evidence 
that there is some influence of the availa 
bility of a mnemonic aid on strength of 
association. The utility of an interven- 
ing variable such as strength of associa- 
tion depends on demonstrating a rela- 
tionship between more than one manipu- 
lation and more than 
(Miller, 1959). With the one exception 
noted excellent agreement 
found among the several manipulations 
and measures in the present study, sug- 
gesting that response probability and 
response latency are indeed both meas- 
ures of the same intervening variable, 
strength. 


rate 


one measure 


above, was 


SUMMARY 


Subjects learned a paired-associate list by 
the anticipation method at one of two rates 
of presentation: each pair was exposed for 
either 1 sec. or for 4 sec., and the anticipation 
interval (S term alone) was held constant at 
3 sec. The list was composed of 25 simple 
word pairs. The order in which the pairs 
were presented varied from trial to trial, 
but the list was arranged so that each item, 
though at different positions on consecutive 
trials, always remained the same distance 
before (or after) one of three items designed 
to be easily learned. Recall and latency of 
response were measured. 

1. There were no differences in learning 
rate among the items that could be attributed 
to proximity to the easy items, thus indicating 
that items could be treated as independent 
units for analysis. 

2. The probability of responding correctly 
to an item for the first time increased as a 
function of trials. This was true for both a 
simple recall criterion and for a criterion in 
terms of latency. 
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3. Evidence for a selection artifact was 


demonstrated, in that heterogeneity of dif- 
ficulty 


the rise in probability over trials 


to obscure 
That is, the 
easy trials, 
and thus the probabilities on those trials were 
much greater than when only the more ho- 
mogeneous items were included in the analysis 

4. The individual pairs de- 
creased as a correct 


among the items tended 


items were learned on the early 


latency of 
function of successive 
responses 


5. Latency was a function of the type of 


item: the items chosen to be easily learned 
exhibited the 


which, once correct, were correct on all sub- 


lowest latencies; and items 


sequent trials showed lower latencies than did 


items which contained breaks, i.e., errors 
after the first correct response 
rhe results were interpreted as supporting 


a strength theory 
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INFLUENCE OF 
FORCEMENT 


\ SMALL 


PFRAINING TRIALS ON 


MBER OF PARTIAL REIN 


RESISTANCE 


TO EXTINCTION ! 


J. CAPALDI 


The present experiment  under- 
taken within the context provided b 
the Hull-Sheffield hypothesis was con- 
cerned with the effect of a small num 
ber of partial reinforcement training 
trials on resistance to extinction as a 
function of pattern of reinforcement. 
According to the generalization decre- 
(Shefheld, 1949) 
necessarily the 


introduction of stimuli different from 


ment hy pothesis 


extinctiotr involves 
those conditioned to the instrumental 
The hy- 
pothesis also holds that resistance to 

the 
inde- 


response in acquisition. 


extinction should decrease to 
extent that the 
pendent of the control of such newly 


response is 


introduced stimuli. 


\ pothesis to 


le application of the general 
partial 


involves the assumption 


I reinforcement 
that rein 
forcement or nonreinforcement on a 
particular trial gives rise to distinctive 
stimuli which become part of the 
total stimulus complex on the sub- 
trial. When 
teristic of nonreinforcement constitute 
the 


on a particular trial and reinforcement 


sequent stimuli charac- 


a portion of stimulus complex 
occurs, S learns to perform the instru- 


mental response in the presence of 
cues characteristic of extinction. Con- 
sistently reinforced Ss are denied the 
opportunity for such conditioning. 
Evidently, of ex- 
the 


conditioned stimulus pattern for the 


then, at the start 
tinction there is less ch e il 


ang 
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summer research grant 
from the Research | 
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partial Ss; accordingly, the consistent 
Ss should 


The generalization 


extinguish more rapidly 


decrement hy- 
pothesis Sugvests that resistance to 


extinction depends upon pattern of 


reinforcement: attention 
ret ted to 


forced to reinforced trials ( “an- 


our 


transitions from nonrein- 


sitions). However, early 


pattern 
learning experiments appeared not 
to support the Hull-Sheffield 


For example, when a moderate 


view. 
num- 
ber of training trials were employed 
single alternation of reinforcement 
(SA), which involves the maximum 
number of N-R transitions for a given 
number of training trials, and random 
(R), which i 


training necessarily 


smaller number of 


vielded 


volves a 


transitions, about the 


same 
resistance to extinction 


1958 


degree of 
(Capaldi, 
more 


Ostensibly eve! 
damaging to the hypothesis, 
when considerable numbers of train- 
ing trials were employed SA training 
was actually followed by lesser re- 
sist. than R training (( apaldi, 
Wortz, & Bitterman, 
remains to be determined 
the Hull-Sheffeld 


hypothesis is adequate to deal with 


nce 
1958: Tyier, 
1953). It 
whether or not 
patterning effects when onl) 
number of training trials are e1 
Accordingly, the 
tions from the hypothesis were tested 
1 


iployed. 
following  predic- 
in the present study: 
small number of N-] 


1 1 
e nploved, the 


a) when 


typi al partial 


forcement effect of increased 


resist- 


ance to extinction will not occur, 


because the cues characteristi ot 
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and 8 are termed trials following 
reinforcement (TER) and Trials 3, 5, 
7, and 9, trials following 
forcement (TKN). Comparison of 
the performance of Groups SA and C 
employing only Trials 2, 4, 6, and 8 
is said to involve comparable trials 
following reinforcement (CFR). <A 
similar comparison employing Trials 
3, 5, 7, and 9 is said to involve com- 
parable trials following nonreinforce- 
ment (CFN). Of course, the expres- 
sion CFN is literally incorrect when 
applied in with the C 
pattern; its general meaning is that 
the comparison between the partial 
groups and Group C involves the 
same ordinal trials in the sequence 
with the occurrence of nonreinforce- 
ment in the partial pattern deter- 
mining which trials are to be employed 
for analysis. It should be indicated 
that in computing TFN for Group R 
it was deemed advisable to omit those 
trials which followed a second non- 
reinforced trial, including only those 
which followed a single nonreinforce- 
ment in the sequence. 


nonrein- 


connection 


The tendency 
was for Ss to run more slowly follow- 
ing 


ments. 


two consecutive nonreinforce- 

Table 1 presents performance on 
CFR and CFN for Groups C and SA 
and for Groups C and R. The entries 
for CFR and CFN for Group C, which 
appear in the table immediately above 
those for Group SA, were determined 
employing Group SA as the basis of 
comparison. Similarly, the CFR and 
CFN entries for Group C which em- 
ployed Group R as the basis of com- 
parison appear immediately above 
those for Group R. It will be noted 
that for Group C daily differences be- 
tween CFR and CFN are small re- 
gardless of whether Group SA or 
Group R was employed as the basis for 
computing these means. In marked 
contrast it can be seen that Groups 
SA and R ran more rapidly on CFR 


AND DICK 


HAR 


rABLE 1 


MEANS OF LOG RUNNING TIMES ON 3 Days 


OF ACQUISITION FOR GRouPS C AND 
SA, Usinc CFR anp CFN, AND 
FOR Groups C AND R, USING 
CFR anp CFN 


CFR 


Day 1; Day 2) Day 3) Day 1 


98 .82 | 1.08 


.64 .56 | 1.06 


95 d 1.02 


83 ' 1.22 


than on CFN. Differences between 
CFR and CFN for Group SA were 
significant on each of the 3 days of 
acquisition (Day 1, F=24.33, P<.01; 
Day 2, F = 7.32, P < 08; Day 3, 
F = 5.88, P < .05; df 1/12 in each 
case). Group R also ran reliably 
faster on CFR as opposed to CFN 
on each of the 3 days (Day 1, F=8.27, 
P < 05; Day 2, F = 15.11, P < 01: 
Day 3, F=20.28, P<.01; df=1/12 
in each case). 

While Group SA ran more rapidly 
than Group C on CFN and CFR on 
each of the 3 days of acquisition, only 
the differences on CFR reached sig- 
nificance (Day 1, F = 8.25, P < .01; 
Day 2, F = 7.91, P < 01; Day 3, 
F= 1017, P< 01; df = 1/24 in 
each case); the differences on CFN 
yielded F <1 in each case. These 
results demonstrate that the faster 
running of partially reinforced as 
opposed to consistently reinforced 
groups is not exclusively a late trial 
phenomenon (e.g., Goodrich, 1959). 


Such faster running appears to occur 
quite early in training; the practice 
of pooling TFR and TFN has ap- 
parently obscured it. 


Extinction.—As Fig. 1 indicates, 
the greatest degree of resistance was 
shown by Group SA, the least by 





RESISTANCE TO EXTINCTION 


Group C. A repeated measures analy- 
sis over the initial 10 trials, employing 
the log times on each trial, indicated 
that the groups differed significantly 
(F = 18.06, df = 2/36, P < 01). A 
significant extinction effect occurred 
over trials (F = 30.34, df = 9/324, 
P < .01); however, the interaction 
between Group and Trials was sig- 
nificant at only slightly beyond the 
10% level (F = 1.57, df = 18/344). 
A factor operating to reduce the sig- 
nificance level of the interaction was 
the arbitrary ceiling time of 75 sec. 
Many Ss in Group C and quite a few 
in Group R failed to respond within 
75 sec., while only 1 S in Group SA 
required the full time. Seven Group 
C Ss and 3 Group R Ss met the cri- 
terion of extinction on the initial day. 
Differences between the individual 
means were tested using Duncan’s 
multiple range test (Edwards, 1960). 
The test indicated that all the groups 
differed from each other at beyond 
the .01 level. 


A similar repeated measures analy- 


sis over Trials 11-20 of extinction 
indicated that the Group (F = 13.52, 
df = 2/36, P< .01) and _ “Trials 
(F = 60.65, df = 9/324, P < .01) dif- 
ferences were significant as was the 
interaction (F = 3.66, df = 18/324, 
P < .01). The significant interaction 
term is not too meaningful over this 


ME 


MEAN LOG T 
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Fic. 1. Mean log running time for each 
group on each of the 20 trials of extinction 
in Exp. I. 
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block of trials since it merely serves 
to indicate that the SA group was 
approaching the 75-sec. limit, some- 
thing Groups C and R had largely 
achieved earlier. Almost all Ss had 
reached the criterion of extinction at 
the end of the second day. Duncan’s 
test indicated that Groups SA and C 
differed beyond the .01 level while 
the C vs. R and the SA vs. R com- 
parisons were significant beyond the 
.05 level. 


EXPERIMENT I] 


The results of the initial experiment 
are consistent with deductions from 
the aftereffects hypothesis. However, 
as an examination of the predictions 
from the hypothesis which were con- 
sidered earlier will make clear, the 
aftereffects view implies that follow- 
ing SA training the usual partial 
reinforcement effect can be obtained 
while at the same time Group R and 
Group C are about equally resistant 
to extinction. It was this spectrum 
of results that Exp. I was designed 
to obtain. Apparently a wrong 
“guess’’ was entertained and slightly 
too many N-R transitions were given 
in the case of Group R, thus allowing 
this group to show the usual partial 
reinforcement effect. In order to 
obtain the desired results, the number 
of training trials was reduced in Exp. 
II from 27 to 18. The experimental 
procedure was the same as that em- 
ployed in Exp. I the 
changes noted below. 


except for 


Method 


Subjects —The 39 naive albino rats were 
110 days old at the start of the experiment. 
The 15 males and 24 females were distributed 
equally throughout the three groups by means 
of a random procedure. 

Procedure.—Since only 2 days of acquisi- 
tion training were to be given, instead of 3, 
1 additional day on the feeding schedule was 
employed. The patterns of reinforcement 
employed on Days 1 and 2 of acquisition in 
the preceeding experiment were employed 
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here on those days. On the day following the 
final acquisition trial, all Ss were given a 
single reinforcement followed by 15 extinction 
trials, with no further training being given. 


Results 


Acquisition.—The acquisition re- 
sults were highly similar to those 
reported in the initial experiment. 
Accordingly, these data are not pre- 
sented here and the results of a par- 
ticular statistical analysis will be 
mentioned only if it possesses special 
relevance or if the significance level 
deviates from that reported earlier. 

The repeated measures analysis 
based on all trials yielded an F of 
3.03 for Groups (.05 < P < .10, 
df = 2/36), of 1.20 for Trials (not 
significant for 1/36 df), and of less 
than 1.00 for the interaction between 
Group and Trials. Unlike the results 
of Exp. I, differences between Groups 
SA and C on CFN on Day 2 were 
significant (F = 4.95, df = 1/24, 
P < .05), Group SA running more 
rapidly. From the two analyses 
reported, it can be seen that the dif- 
ferences between Groups SA and C 
were greater in the present experi- 
ment than in the initial one. Differ- 
ences between Group C and Group R 
were of about the 
previously reported. 

Extinction. 


same order as 


As Fig. 2 shows, Groups 
R and C did not differ appreciably in 
extinction while Group SA appears 
to show the usual partial reinforce- 


ment effect. The log times on each 
of the 15 trials were summed and an 
analysis was performed which yielded 
an F of 9.68, which for 2/36 df is 
significant beyond the .01 level. 
Duncan's test indicated that in order 
for Groups R and C to differ at the .05 
level the shortest significant range 
required was a value of 2.743. The 
obtained value of 1.180 fell far short 
of significance. Duncan’s test further 
indicated that differences between 
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Fic. 2. Mean log running time for each 
group on each of the 15 trials of extinction 
in Exp. II. 


Group SA and Groups R and C were 
significant well beyond the .01 level. 


DISCUSSION 


The major finding of the present 
experiments seems to be that when 
relatively few training trials are em- 
ployed SA patterns result in greater 
resistance to extinction than R patterns. 
This result can be obtained when the R 
group is more resistant and when it is 
about equally resistant to extinction as 
compared with Group C. It should be 
noted that current evidence indicates 
that the tendency of SA reinforcement 
to result in equal or greater resistance 
than R patterns occurs prior to the 
appearance of pattern running, i.e., rela- 
tively rapid running on reinforced trials, 
relatively slow running on nonreinforced 
ones (Capaldi, 1958). The 
sistance following extensive SA as com- 
pared to R training may, therefore, be 
related either to learning or to over- 
learning (in 


lesser re- 


the sense of manifesting 
appropriate pattern running) the SA 
pattern of reinforcement (Murillo & 
Capaldi, 1961). 

An SA reinforcement pattern repre- 
sents the extreme case of N-R transi- 
tions. In this sense the present results 
are of the same genre as those reported 
by Grosslight, Hall, and Murnin (1953). 
In that experiment human Ss given N-R 





RESISTANCE 


patterns were found to be more resistant 
than those given R-N patterns who were, 
in turn, more resistant than those given 
R-R patterns. These results are similar 
to those of Exp. I of this report. The 
finding reported in Exp. II, that follow- 
ing a small number of trials C and R 
patterns result in about the same degree 
of resistance, confirms the results of an 
earlier investigation by Amsel (1958) who 
also employed small numbers of trials in 
connection with C and R patterns. 

The present results can be understood 
in terms of the Hull-Sheffield hypothesis. 
As previously indicated, variations in- 
volving SA and R patterns in connection 
with moderate to numbers 
of training trials appear to fail to support 
the generalization decrement view. As 
is usual in cases of this kind, movement 
in one of two general directions is per- 
missible. On the one hand, the hypothe- 
sis in question may be abandoned on 
the ground that attempts to modify it 
even if successful may not prove to be 
especially profitable. On the other hand, 
attempts to modify the hypothesis by 
considering alternatives which 


extensive 


involve 
logical extensions of it may ultimately 
prove to be a fruitful course of action. 
It is our impression that the latter a!ter- 
native is deserving of serious considera- 
tion primarily because pattern learning 
experiments involving transfer so clearly 
indicate that the reinforcement outcome 
of the previous trial results in a modifica- 
tion of the stimulus complex on the 
subsequent trial (Bloom & Capaldi, 
1961; Capaldi & Senko, 1962). Accord- 
ingly, it seems reasonable to assume in 
view of the 

hypothesis in 
numbers of trials 
adequacies of the 


predictive success of the 
connection with small 
that the current in- 


Hull-Sheffield view 


invite nothing so much as more diligent 
theoretical analysis and further experi- 
mental activity. 


SUMMARY 


[wo experiments were performed in which 
rats were trained to traverse a straight alley 
under either continuous, irregular, or single 
alternation of reward. In the initial experi- 
ment, which employed 27 training trials, the 
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continuous group was found to be least 
resistant to extinction. The single alternation 
group was found to be more resistant than 
the irregular one. Previous experiments have 
shown that following a moderate number of 
training trials the alternation and irregular 
groups are about equally resistant to extinc- 
tion, while following training 
the alternation group is less resistant thar 
the irregular one. 


( onsiderable 


In the second experiment, 
extinction training was given following only 
18 training trials. While the irregular and 
continuous groups failed to differ in extinction, 
the single alternation 
typical partial 


showed the 
effect The 
with 


group 
reinforcement 
findings were discussed in connection 
the Hull-Sheffield aftereffects hypothesis 
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CONTIGUOUS CONDITIONING! 


W. J. BROGDEN 


University of Wisconsin 


The status of reinforcement as a 
necessary condition for learning has 
been the focus of much of the con- 
troversy between proponents of dif- 
ferent theories of learning (Kimble, 
1961). It is difficult to take the 
opposing view when the proponent of 
reinforcement theory falls back on 
secondary reinforcement. This latter 
phenomenon is of course an example 
of acquisition, of the very thing for 
the occurrence of which reinforcement 
is proposed as an essential condition. 
Nevertheless, it has been argued that 
the evidence contrary to reinforce- 
ment as a necessary condition pro- 
vided by experiments of latent learn- 
ing (Tolman & Honzik, 1930) and 
sensory preconditioning (Brogden, 
1939) is not valid because of the 
possible involvement of primary or 
secondary reinforcement factors in 
these phenomena. Contiguous con- 
ditioning appears to be completely 
independent of variables or conditions 
currently related either to primary or 
secondary reinforcement. In the ex- 
periment to be reported, contiguous 
conditioning is represented by cage- 
turning responses of cats in the rotator 
toa tone CS. This CR is dependent 
upon a prior conditioning procedure 
during which each occurrence of the 
cage-turning response resulted in the 
sounding of the tone. Initial tests 
of the tone prior to conditioning elic- 
ited no cage-turning responses. Thus 
contiguous conditioning appears to 


1 This research was supported in part by 
grants from the National Science Foundation 
and the Research Committee of the Graduate 
School from funds provided by the Wisconsin 
Alumni Research Foundation. 


be dependent solely upon the tem- 
poral contiguity of stimulus 
response. 


and 


PROCEDURE 


The design of the study to be reported 
includes one experimental treatment and one 
control treatment, with the possibility of a 
second control treatment. It is based upon 
the positive results of five preliminary studies 
of contiguous conditioning in which experi- 
mental conditions were varied unsystemat- 
ically and in which there were no control 
procedures.? 

The 23 Ss were kittens, approximately 60 
days of age at the start of the experiment. 
They were obtained as six litters, with each 
litter split between Group E (experimental) 
and Group C (control) but with random 
assignment of individual Ss within litters to 
the two conditions so that N for Group E was 
11 and for Group C was 12. 

The rotator (Brogden & Culler, 1936) 
provided cage-turning as the response-to-be- 
conditioned. The CS was a 1000-cycle pure 
tone whose intensity was 60 db. above .0002 
dyne/cm*. The duration of the tone was 4 
sec. for all conditions and the duration of each 
test period was 10 min. 

All Ss were given five procedures in suc- 
cession: (a) Two test periods of adaptation 
to the rotator. (b) One test period during 
which two trials of the tone were given when 
S was quiet to test neutrality of the tone in 
evoking cage-turning responses; none of the 
Ss made responses to these test trials. (c) 
Successive test periods until a final test period 
was reached that provided a cumulative total 
of 30 or more cage-turning responses; Group 
E involved presentation of the tone CS with 
each occurrence of the cage-turning response 
and there was no presentation of the tone to 
Group C. (d) Twenty test trials for contig- 
uous conditioning, each consisting of presen- 
tation of the tone alone when S had been 
quiet for 30 sec. or more. (e) Instrumental 
shock-avoidance training to the tone CS at 
the rate of 20 trials per test period until a 
criterion of 18 CRs was attained. The dura- 


2 Richard F. Thompson collaborated with 
the author in the preliminary studies. 
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tion of every response during the training and 
test procedures was recorded for each S to 
the nearest .1 sec. by an electronic timer 
operated by E. Groups E and C were treated 
identically except for the conditioning or 
training procedure, during which Group E 
received the tone CS upon making each of 
the 30 or more cage-turning responses whereas 
Group C received no tone. 


RESULTS 


The second control procedure would 
have involved a variation of the train- 
ing procedure to include 30 presenta- 
tions of the tone when S was quiet in 
addition to the occurrence of 30 or 
more cage-turning responses inde- 
pendent of the tone. It was decided 
in advance that this control would 
be completed only if the experimental 
Ss showed greater activity or respon- 
siveness than the control Ss, thus 
indicating a differential effect of the 
tone during the training procedure. 
Therefore initial analyses were made 
of the number of test periods of train- 
ing procedure including the criterial 
period, total responses, and frequency 
of responses per test period. The 
means are, respectively, 3.36 (o,=.54), 
35.80 (om =1.71), and 15.90 (¢,, = 3.19) 
for Group E and 4.67 (c¢, = 1.36), 
37.82 (cn = 1.87), and 15.91 (¢,, = 
3.31) for Group C. Since not one of 
the ¢ values for the three differences 
exceeds 1, there is no evidence of sig- 
nificantly greater activity on the part 
of Group E. The second control pro- 
cedure, therefore, was not conducted. 

Comparison was also made of the 
duration of response during the train- 
ing procedure. The mean for Group E 
was 6.74 sec. (o,, = .88 sec.) and for 
Group C was 4.68 sec. (c,, = .52 sec.). 
The difference of 2.06 sec. in favor of 
a greater duration of response by 
Group E has a ¢ value of 2.02 that is 
significant at the 10% level but not 
at the 5% level. Because the dura- 
tion of response appears to increase 


as a function of trials, mean duration 
was computed for each successive 
block of 10 trials for the first 30 trials 
for each S. These means are 4.89, 
5.87, and 8.49 sec. for Group E and 
4.07, 4.61, and 4.97 for Group C. In 
separate analyses of variance of 
repeated measures, Trial Blocks has 
an F value significant at the 5% level 
for Group E but not for Group C. 
An overall analvsis of variance shows 
Trial Blocks to be a significant source 
of variation, but Groups and the 
interaction of Groups and Trial Blocks 
are not significant. 

Because of the progressive increase 
in duration of response over trials, 
and the possibly longer response 
duration of the experimental Ss during 
the training procedure, analyses of 
the responses during the test pro- 
cedure were made. These responses 
are the ones made in between the 20 
test trials of the tone CS. The mean 


frequency of response per test period 


is 14.99 for Group E and 14.94 for 
Group C. The difference is not sig- 
nificant nor are these means signifi- 
cantly different from the comparable 
means of both groups for the training 
procedure. The mean duration of 
response is 5.78 sec. for Group E and 
5.21 sec. for Group C. The difference 
is not significant nor are these means 
significantly different from those of 
either group during the training pro- 
cedure. There are no trend effects 
in response duration for either group 
during the test procedure. 

Of the two measures available to 
provide a test of contiguous condi- 
tioning, the shock-avoidance training 
procedure measures showed no signifi- 
cant difference between groups. The 
test trials of the tone CS, presented 
when S had been quiet for 30 sec. 
or more, do provide evidence of 
contiguous conditioning. These data 
are presented in Table 1. The dif- 
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TABLE 1 
FREQUENCY OF CR To Test TRIALS 
or Tone CS 


Number of 
Responses 


Experimental Control 


3.46(om=1.19) | 0.58(am =0.39) 


ference in frequency of CR of 2.01 in 
favor of Group E has a ¢t value of 2.13 
and is significant at better than the 
5% level. Analysis of variance of 
these data shows a 
(7.44) for Group E vs. Group C, but 
no significant F values for Litter or 
the interaction of Treatment and 
Litter. Mean duration of CR is 3.94 
sec. for Group E and is 7.24 sec. for 
Group C. The not 
statistically significant. 


difference is 


DISCUSSION 


The significantly greater frequency of 
CR to the test trials of the tone CS by 
the experimental Ss over the control Ss 
is evidence of contiguous conditioning. 
These results coupled with the evidence 
of similarity in frequency and duration 
of extraneous responses during the test- 
ing procedure, establish the validity of 
contiguous conditioning. It can be 
argued that the increase in duration of 
response is also evidence of contiguous 
conditioning. Such an argument re- 
quires the following assumptions: (a) 
that the cage-turning response elicited 
by unknown stimuli is of constant dura- 
tion over training trials as is the case for 
Group C; (b) that a cage-turning CR is 
formed during the course of contiguous 
conditioning training; (c) that the CR 
increases progressively in magnitude as 
training increases; and (d) that the mag- 


significant F 


nitude of the cage-turning CR is added to 
the magnitude of the cage-turning re- 
sponse elicited by unknown stimuli. This 
hypothesis is consonant with the experi- 
mental evidence. Other hypotheses are 
not. Facilitating action of the tone to in- 
creased duration of the response progres- 
sively is unlikely. Facilitation does not 
occur as a trend over trials nor under the 
time relations of the present study. The 
tone occurs after the response has started, 
the delay being equal to the reaction 
time of E. There is little support for the 
hypothesis that the experimental Ss 
learned to “turn on the since 
there are no group differences during 
the training phase for total responses, 
number of test periods, or frequency of 
response per test period. 

The progressive increase in duration 
of the cage-turning 
experimental Ss 


tone,”’ 


response by the 
during the training 
phase may be evidence of contiguous 
conditioning in addition to that provided 
by the test phase. In any case, it does 
not appear to interfere with interpreta- 
tion of the test phase data. Thus, the 
conclusion stands that contiguous condi- 
tioning is a function of the contiguity 
of stimulus (tone) and response (cage- 
turning) during the training procedure. 
It follows that contiguity is a sufficient 
condition of learning. Whether it is a 
necessary condition is another matter. 
In considering contiguity versus rein- 
forcement as conditions of 
learning, it should be noted that any 
experimental test of reinforcement would 
appear to confound the 
operation with contiguity of stimulus and 
response. Such confounding does not 
occur in the test of contiguity provided 
by the present experiment. 


necessary 


reinforcement 


In further consideration of contiguous 


conditioning, it should be noted that the 
CR it produces is weak relative to the 


CR of standard conditioning procedures 


involving reinforcement. An important 
factor may be the backward time rela 
tions inherent in contiguous conditioning 
The CS cannot be 
after the has started. 
Even though there may be discovery of 
training conditions for contiguous condi- 


training. 
until 


pre sente d 


response 


< 
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tioning that provide a greater strength 
of CR, it is unlikely that the CR will be 
anywhere near as strong and stable as 
the CR produced by conditioning pro- 
cedures in which contiguity and rein- 
forcement are confounded. If, however, 
efficiency is considered in terms of num- 
ber of training trials required to produce 
a CR, then the efficiency of contiguous 
Con- 
tiguous conditioning was obtained with 
as few as 10 training trials in the pre- 
liminary studies. Evidence that sensory 
preconditioning occurs with 1 or 2 trials 
of preconditioning and attains a maxi- 
mum with 4 (Hoffeld, Kendall, 
Thompson, & Brogden, 1960) suggests 
a similar relation amount of 
training and magnitude of contiguous 
conditioning. When contiguity of stimu- 
lus and response are confounded with 
reinforcement operations in the 
standard conditioning procedures, 
tiguity may 
early trials, 


conditioning appears to be high. 


trials 


between 


more 
con- 
learning in the 
func- 


pre duc e 

with 
later 
strengthen the 
by contiguity. 


reinforcement 
fixate and 
established 


tioning in trials to 


connection 


Contiguous conditioning and sensory 
preconditioning are similar phenomena 
in that learning occurs apparently with- 
out reinforcement. In contiguous condi- 
tioning, the training procedure involves 
which the stimulus is 
unknown and a stimulus for which the 
response is not known. 


a response for 


In sensory pre- 
conditioning, the training procedure in- 
volves two stimuli to each of which the 
response is unknown. must 
assume the antecedent occurrence of a 
response following the presentation of a 


Since we 


stimulus, both the procedures for con- 
tiguous conditioning and sensory pre- 
conditioning have serious lacks in pre- 
cision of experimental manipulation and 
control. 


Speculation beyond an as- 


sumed stimulus-response relationship es- 
tablished during training and based upon 
contiguity, that persists in the organism 
to the testing procedure, appears fruitless 


until there are experimental operations 
to identify and manipulate the presently 
unknown variables of the training pro- 
cedures. 


Perhaps we are asking the wrong ques- 
tions when we with 
what condition or conditions are neces 
sary and sufficient for learning to occur. 
Another approach to our understanding 
of learning follows from the assumptions 
that learning occurs almost continuously 
in organisms of many species, and that 
in experiments on learning, Ss will always 
learn, but not necessarily in terms of 
the behavior for which the experiment 
was designed. Then the major problem 
of learning becomes the identification 
and attainment of experimental control 
of variables that produce different kinds 
of learned behavior and of variables that 
reduce the probability of learning other 
than that for which the experiment is 
From this 
contiguous conditioning 


concern ourselves 


designed. point of view 


may interfere 
seriously with investigation of the more 
If contig- 
uous conditioning does occur with only 


stable varieties of learning. 


a few trials in which a given stimulus 
and response are contiguous, the oppor- 
tunity for number of 
contiguous CRs will occur in virtually 
Much 
of the variance in learning experiments 
may be due to the occurrence of con- 
tiguous CRs. If then the 
primary contribution of contiguous con- 
ditioning to the general study of learning 
will come from discovery of conditions 


establishing a 


every experiment on learning. 


this is so, 


that reduce its occurrence, rather than 
in demonstrating that contiguity alone 
is a sufficient condition for learning. 


SUMMARY 


Contiguous conditioning is represented by 
cage-turning CRs of cats toa tone CS. This 
CR is dependent upon a prior conditioning 
procedure during which each occurrence of 
the cage-turning response results in the 
sounding of the tone. Initial tests of the tone 
prior to the conditioning training elicited no 
cage-turning responses. A control group, not 
given the tone CS, made the same number of 
responses in the rotator prior to the test for 
contiguous conditioning that the experimental 
group made during its training procedure. 
Tests with the tone CS presented when the 
S had been quiet for 30 sec. or more were 
given to all Ss. The frequency of CR of the 
experimental group was significantly greater 
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than the frequency of response of the control 
group. 

The evidence of contiguous conditioning 
demonstrates that contiguity of stimulus 
and response is a sufficient condition for 
learning. The results are discussed relative 


to reinforcement as a necessary condition of 
learning, to the inherent confounding of any 
reinforcement operation with contiguity of 
stimulus and response, to sensory precondi- 
tioning, and to general theoretical considera- 
tions of learning. 
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LEARNING OF SIMPLE STRUCTURES! 


GEORGE MANDLER anp PHILIP A. COWAN 


University of Toronto 


In the exploration of variables that 
influence human learning, more atten- 
tion has recently been paid to the 
experimental correlates of such con- 
cepts as schemas, strategies, organiza- 
tions, and plans. However, little 
systematic work is available on the 
effect of such structural variables 
on relatively simple human learning. 
One possible approach was recently 
presented by DeSoto (1960) in a 
study ostensibly designed to explore 
social psychological variables. 

DeSoto showed that Ss learned a 
social structure, i.e., correctly identi- 
fied such relations as ‘‘x influences y,”’ 
in fewer trials when the relations 
followed the usually encountered 
properties (such as symmetry, transi- 
tivity, and completeness) of these 
relationships. If these ‘‘social rela- 
tions”’ are learned according to logical 
and quasilogical schemas, similar ef- 
fects should be demonstrable when 
the relations to be learned, and the 
members of the set among which 
the relations operate, are neutral, i.e., 
not influenced by prior social expec- 
tations. 

Given a set of three elements (A, 
B, and C) and an attribute R which 
may or may not be present with any 
pair of elements, there are 16 possible 
paradigms (or structures) ranging 
from R occurring with no pair to R 
occurring with all of the six possible 
ordered pairs. If Ss are given the 
task to learn or identify those pairs 

' The research reported in this paper was 
supported in part by Grant APA 37 from 
the National Research Council, Canada. 
The authors would like to thank Cecille Gold 


and David S. Abbey for their advice and 
assistance. 


which do and do not have the R 
attribute, two variables might influ- 
ence speed of acquisition : the number 
of R (and non-R) attributes in a set 
of six pairs; and the logical and 
quasilogical relations within these sets. 
On the basis of number of attributes 
alone, sets with one R and five non-R 
attributes should be easier to dis- 
criminate than sets with two and four 
or three and three R and non-R 
attributes. However, comparisons of 
different sets with equal number of 
attributes should reveal the operation 
of structural factors. The structure 
of a set describes the relations among 
the three elements. These relations 
are defined by specifying which pairs 
of elements do or do not have the 


attribute, thus involving both order- 


ing and attribution. There are 16 
possible structures under these condi- 
tions; they are shown in Fig. 1. We 
have arbitrarily labeled the three 
elements A, B, and C, and indicated 
the presence of the R attribute by a 
directed arrow; the direction of the 
arrow indicates the ordering of the 
pair.2, Non-R attributes are inferred 
from the absence of such an arrow, 
and in written description by the 
absence of R. Thus for example, 
Structure 2 may be described as 
ARB, AC, BA, BC, CA, CB; Struc- 
ture 7 as ARB, BRA, BRC, AC, CA, 


CB. We would expect, for example, 


2In terms of graph theory (Harary & 
Norman, 1953) this structure may be char- 
acterized as a directed graph of Type 2 with 
three points and with the two relations 
denying each other. A directed graph with 
three points has six possible lines, and in the 
case of the R and non-R relations a definition 
of these six lines defines the graph 
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GROUP I 
Structure 


GROUP II 
Structure 
. 


GROUP III equpe 
a 
Structure 3 
GROUP IV F i 


Structure 7 


GROUP V f \ 


adiest ] 
Structure 1] 


GROUP VI 


Structure 


GROUP VII 


Structure 


Fic. 1. Diagrammatic presentation of the 
16structures. (Structures within groups have 
the same number of attributes—checkmarks. 
In the diagrams an arrow indicates the 
presence of a checkmark for the two elements 
ordered by the arrow.) 


that a structure where both the AB 
and BA pairs are associated with the 
attribute would be learned faster than 
one where such symmetry is not 
present. 

METHOD 


Task.—In the present study we investi- 
gated the speed with which Ss learn the pres- 
ence or absence of an attribute (R and non-R) 
in structures consisting of three elements. 
Three CVC syllables were used as the three 
elements and the presence or absence of a 
checkmark to indicate the R and non-R 
attribute. In a trial, Ss were presented with 
six cards. A particular card had on the face 
side one of the six pairs of syllables separated 
by a space, and on the reverse side either a 
checkmark (attribute) or not. The Ss task 
was to learn which had checkmarks 
and which did not. 

Each S was given a deck of 30 cards (rep- 
resenting five trials of six pairs on a particular 
structure) and three answer sheets with 30 
spaces on each numbered 1 to 30, 31 to 60, 
61 to 90, respectively, i.e., Trials 1 to 5, 6 to 
10,11 to 15. The order of syllable pairs with- 


cards 


in any one trial of 6 cards was randomized 
with the restriction that in adjacent trials 
no cards with the same pairs would follow 
each other. The Ss were required to 
look at the face of each card, indicate on the 
answer sheet whether they thought that the 
reverse side had a checkmark on it by either 
placing a checkmark or a straight line next 
to the appropriate number, then turn the 
card over, look at the and then 
proceed to the next card. They were paced 
at a speed of 7 sec. per card. 

Two sets of three CVC syllables were used 
with half of the Ss assigned to each set. The 
CVCs were low-association value syllables 
with the additional restriction that no letter 
of the alphabet was used more than once in a 
set of three syllables. Since no significant 
differences were associated with the two sets 
of syllables, no further reference will be made 
to this aspect of our design. The two sets 
of syllables were: XUR, ZIC, GYQ; and 
KEF, ZUV, QIJ. 

Subjects and instructions —The Ss were 
192 female students in the introductory 
general psychology course at the University 
of Toronto. Twelve Ss were used for each of 
the 16 structures shown in Fig. 1. The Ss 
were seated in a large auditorium and the 192 
packs and answer 
distributed to Ss. 

The Ss were told what a CVC nonsense 
syllable is and were shown the two sets of three 
syllables. They were told that every card 
would have on its face two of the three syl- 
lables in various combinations. 
tive part of the instructions read: 


reverse, 


sheets were randomly 


The opera- 


On the front of some cards there may be a 
checkmark like this (demonstrated on 
blackboard); on the back of others there 
may not be a checkmark. Your pack may 
have a checkmark on every card, or it may 
have no checkmarks on any card, or your 
pack may contain some cards with check- 
marks on the back, and other cards without 
them. You are to find out, or learn, 
which pair or pairs of nonsense syllables 
have checkmarks and which pair or pairs 
of nonsense syllables do not have check- 
marks. The cards that have the same 


pair of syllables on the front will appear 


over again throughout the pack. 
You are to learn which pairs of nonsense 
syllables are associated with a checkmark, 


and which pairs are not. 


The Ss were paced by E telling them to look 
at the front of a card, mark the answer, look 
at the back, look at the next card, and so 
forth. 
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Analysis.—Sixteen different structures pre- 
sented as six pairs made up from three non- 
12 Ss for each 
The dependent variable was the 
number of correct anticipations of the pres- 
All Ss were 
given 15 trials with the order of cards repeated 
after 5 and 10 trials (30 and 60 cards), respec- 
tively. In a subsequent analysis the number 
of checkmarks per 


sense syllables were learned by 


structure. 


ence or absence of checkmarks 


trial was determined 


regardless of the correctness of the response 


RESULTS 


the results of the 
acquisition data, two considerations 
should be borne in mind. 
are two independent variables: 
number of R and non-R attributes in 
a structure, and the comparison 
among structures with the same total 


In discussing 


First, there 
the 


number of attributes (or checkmarks). 
Second, certain structures are sym- 
metrical with respect to the R non-R 
attributes. Thus, Structures 1 and 16 
are identical except for the replace- 
ment of R with non-R; the same holds 
for Structures 2 and 15, 3 and 11, 4 
and 12, 5 and 13, and 6 and 14. 
Number of attributes—The predic- 
tion was that structures will be learned 
in the following order: Groups I and 


VII, Groups II and VI, Groups III 


and V, and Group IV in descending 
order of 


discriminability of R and 
attributes. 


bers of correct responses (out of 90) 


non-R The mean num- 
for these four groupings were 87.83, 
77.17, 67.12, 61.12 in the predicted 
order. All differences are significant 
at the .01 level or better. 

Structural differences—The major 
question to be asked about the struc- 
tural 
significant differences in the acquisi- 
tion of different structures when the 
total number of R and non-R attri- 
butes is held constant. 


variables is whether there are 


This problem 
is examined by looking at differences 
in acquisition within the groups which 
contain more than one. structure 


(Groups III, IV, and V). It will be 
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recalled that Groups III and V are 
symmetric with reference to R and 
non-R., 
Figure 2 shows the acquisition 
curves for all structures. Tables 1 
and 2 show the mean number of 
correct responses per trial for all 16 
structures and the relevant analysis 
of variance. The shows 
highly significant effects for Struc- 
tures and Trials, and no significant 
interaction between these two effects 
To examine the ordering of structures 
within groups Tukey’s gap test was 
used to the .05 


analysis 


segregate scores at 
level of significance. 

For Group III the gap test on the 
scores of Table 1 segregates the struc- 
tures into the following 
with > indicating a .05 
5 > 6. For Group V the ordering is: 
11 > 12> 13, 14. In Group IV the 
following clusters were obtained : 8>9, 
7 > 10. Thus, significant differences 
obtain among structures within groups. 


clusters, 
gap: 3>4, 


In comparing pairs of structures 
symmetric with 
marks and noncheckmarks we note 
that for five such pairs of structures 
(Pairs 2 and 15, 3 and 11, 4 and 12, 
5 and 13, 6 and 14) the structure with 
the fewer checkmarks is learned faster 
and the these 
pairs is significant at the .05 level for 
all except Pair 6 and 14. 

Probability matching. 


respect to ¢ heck- 


between 


difference 


The 


presented have only considered per- 


results 


formance in terms of number of cor- 
rect with 
fined as a response appropriate to 
the information on the the 
cards, i.e., the degree to which Ss 
correctly learned the event informa- 
tion provided for them. In contrast 
to this analysis of event matching, 
the data can also be analyzed in terms 
of probability matching, i.e., the degree 
to which Ss’ behavior conforms to 
the frequency or percentage of re- 


responses, correctness de- 


face of 
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Acquisition curves for all 16 structures, showing percentage correct responses as a 


function of blocks of three trials in moving averages. 


sponses (checkmark or noncheck- 
mark) required in the task without 
any attention to the ‘“‘correctness”’ of 
their responses. The data are com- 
bined for each of the seven groups 
which vary from zero to six in the 
number of checkmarks required in 
each trial of six cards. Figure 3 
shows frequency of checkmark or 
noncheckmark responses for all seven 


groups. It is obvious that even from 
the first block of three trials Ss’ 
behavior follows the probability struc- 
ture, and by Block 5 (Trials 5-7), 
mean performance is at or near the 
asymptote expected from sheer prob- 
ability matching behavior. 

When probability matching (fre- 
quency only) and event matching 
(correct responses) are compared for 
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TABLE 1 
MEAN NUMBER CORRECT PER TRIAL OF 
Six RESPONSES 
Structure 


16 
1 


Mean Number Correct 


Note 


Lines between structures indicate significant 


differences at the .05 level by Tukey's test for gaps and 


stragglers 


Groups II to VI (for Groups I and 
VII, probability and event matching 


curves are, of course, identical) it is 
evident that even when event match- 
ing proceeds slowly, probability match- 
ing reaches asymptotic or near asymp- 
totic behavior early in the task. If 
the groups symmetrical with respect 
to R and non-R relations are ex- 
amined, it appears that probability 
matching is even more pronounced in 


TABLE 2 


ANALYSIS OF VARIANCE OF NUMBER 
CORRECT PER TRIAL 


Source of Variance 


Total 

Between Ss 
Structures (S 
Error 

Within Ss 
Trials (T) 
TxS 
Error 


*P <.001 


a 


6 
#. 


rr 


1 3 5 7 9 ll 13 
moving averages of three 


meon more frequent response per block 
ie) 
w Fu 





LS) 
un 





trials 


Fic. 3. Mean number of responses per 
trial as a function of moving blocks of three 
trials. (The more frequent response is re- 
ported, i.e., checkmarks for Groups V, VI, 
and VII and noncheckmarks for Groups I, 
II, III, and IV. Responses were scored re- 
gardless of whether they were correct or not.) 


those cases where event matching 
proceeds more slowly. Thus, event 
matching in Structure 2 is faster than 
in Structure 15, yet probability match- 
ing is at 90% of asymptote by Block 2 
in Structure 15 (Group VI), while it 
does not reach that level until Block 4 
for Structure 2 (Group II). Simi- 
larly, Group V reaches 90% of asymp- 
tote by Block 2, while Group III does 
not reach that level until Block 7. 
In all groups other than Group III, 
however, the level of probability 
matching reaches 90%. of asymptote 
by Block 4, i.e., after 6 trials or 36 
presentations of individual cards. 


DISCUSSION 


The between-groups comparisons— 
differentiated by absolute number of R 
and non-R attributes—are clear-cut and 
predictable from a mere consideration 
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of discriminability. Obviously, a task 
which requires S to assign one check- 
mark vs. noncheckmarks to six 
stimuli (pairs) is easier than one which 
requires discrimination of two and four, 
or three and three checkmarks and 
noncheckmarks. The number of stimuli 
to be discriminated increases and so does 
the difficulty of the task. 

In accounting for the effects within 
groups, i.e., differences among structures 
of equal discriminability, we distin- 
guished among four relations that may 
be differentiated within any one struc- 
ture. These were symmetry (if ARB 
then also BRA), transitivity (if ARB and 
BRC, then also ARC), common origin 
(if ARB then also ARC), and common 
goal (if ARB then also CRB). The 
assumption is made that it is this kind 
of plausible logical and quasilogical 
reasoning (or use of transformation 
rules) that facilitates learning of these 
structures. In Table 3 are presented 
the number of these relations found with- 
in Structures 3 to 14, i.e., all those where 
there is more than one structure within 
a group. All relations, whether defined 


five 


by the presence or the absence of the 


checkmark attribute, are included. For 
example, Structure 3 (cf. Fig. 1) has 
three symmetry relations: AB and BA 
(no checkmark), BRC and CRB (check- 
mark), AC CA (no checkmark). 

The order in which structures within 
groups are learned as a function of num- 
ber and type of relations may now be 
considered. For Groups III and V the 
order of acquisition of structures com- 
plementary with respect to R and non- 


and 


TABLE 3 


NUMBER AND TYPE OF RELATIONS IN 
DIFFERENT STRUCTURES 


Structures 


Symmetry 
lransitivity 
Common origin 
Common goal 


AND 
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R is identical, i.e., 3, 4, 5, and 6 in III; 
and 11, 12, 13, and 14in V. From Table 
3 it appears that symmetry is, and could 
reasonably be expected to be, the most 
powerful single relation. 
and 11 are learned most quickly and 
significantly better than the others. In 
ordering the remaining three structures 
in each of these two groups, Structures 
6 and 14 may be assigned the lowest 
rank because of the fewer total number 
of relations appearing in them (only 
four), while the ordering of 4 and 12, 
and 5 and 13 could only be assigned to a 
more powerful influence of 
origin than common goal. 
Considering the structures in Group 
IV from this point of view, it is quite 
reasonable for Structure 10 to show the 


Structures 3 


common 


slowest learning rate (having none of our 
relations embedded in it). However, 
the poor showing of Structure 7 does not 
simply fit this schema. Obviously, 
much further evidence will have to be 
adduced—probably with structures in- 
volving more than three elements—in 
order to arrive at a metric of structural 
relations. 

The appearance of probability match- 
ing in a task ostensibly designed for 
other purposes we find most interesting. 
The Ss, given an event matching task 
of moderate difficulty, respond to the 
probability structure of responses sur- 
prisingly quickly (cf. Grant, Hake, & 
Hornseth, 1951) and without necessary 
reference to the event structure. To 
what extent this behavior is a function 
of hypothesis formation in the Ss is 
difficult to estimate. The parallel be- 
tween probability matching in our situa- 
tion, with its low payoff, and probability 
matching in a two-choice situation (as 
against maximizing) seems obvious and 
deserves further examination. 

Finally, it is of note that probability 
matching apparently is most marked 
when event matching proceeds most 
slowly. In the comparison between 
Groups III and V, for example, the fact 
that Group III learns more quickly may 
be due to the stress in the instructions 
on the detection of checkmarks; how- 
ever, probability matching cannot easily 





LEARNING OF SIMPLE STRUCTURES 


be assigned to this variable. The general 


proposition that as event discrimination 
becomes easier, rate of probability match- 
ing decreases and vice versa, deserves ex- 


ploration. 
SUMMARY 


Sixteen groups of 12 Ss each were required 
to learn the presence or absence of a check- 
mark associated with six pairs of nonsense 
syllables constructed out of three CVC 
syllables. The 16 groups differed in the 
structural relations among pairs of syllables 
and the presence or absence of checkmarks. 
The data were analyzed in respect to (a) 
the number of checkmarks any 
one structure, and (b) the presence of certain 
logical and quasilogical relations among the 
three syllables. 

The results showed: (a) Number of check- 
marks (or noncheckmarks) predicted the 
acquisition of structures, based apparently 
on discriminability of the checkmark-non- 
checkmark dichotomy. b) Within three 
groups of structures with the same number of 


present in 
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checkmarks or noncheckmarks, logical struc- 
ture showed significant effects on acquisition 
(c) The probability structure of the required 
responses (checkmarks) showed a striking 
effect on Ss’ behavior. The Ss exhibited 
probability matching, i.e., emission of the re 
quired percentage of 
absence of event matching, i.e., 
response to the stimulus information 


responses, in the 
correct 
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SOME PROPERTIES OF SACCHARIN AS A REINFORCER! 
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Saccharin appears to have only one 
property in common with the sugars: 
it tastes sweet. It differs from sucrose 
both in its other biological properties 
and in its physical properties. Sac- 
charin differs from sucrose in that it 
is not a sugar, it is nonnutritive (75- 
90% eliminated within 24 hr. in urine 
and the remainder in the feces, Carl- 
son, Eldridge, Martin, & Foran, 1923), 
it is hypotonic? at all concentrations 
examined, Table 1 (approximately 
3.7% by weight would be isotonic), 
and it has a substantially lower prefer- 
ence threshold (of the order of .01%, 
Stellar, 1960). Saccharin elicits sali- 
vary, gastric, and intestinal secretions, 
but to a lesser degree than sugar. It 
decreases intestinal absorption of 
water in proportion to its concentra- 
tion by some nonosmotic mechanism. 
It appears in the blood, lymph, 
cerebrospinal fluid, tears, and mam- 
mary secretions following its ingestion 
in proportion to its concentration 

Carlson et al., 1923). Saccharin 
intake does not cause a compensatory 
decrease in food intake on an ad lib. 
feeding schedule as does sugar (Haus- 
mann, 1933), nor does it affect weight, 
mortality, state of organs (Fitzhugh, 
Nelson, & Frawley, 1951), with the 
possible exception that at high con- 
centrations it may result in a slight 
weight loss when fed in daily diet 

1 This research was supported in part by 
Research Grant M-3328 from the National 
Institutes of Health, Bethesda, Maryland. 
Experiments 1, 3, and 4 were partially re- 
ported in a symposium paper entitled 
teraction of factors governing 
reinforcement function,” 
chological Association, 


“In- 
amount of 
Midwestern Psy- 
Detroit, May 1958. 

2 The extracellular fluid concentration is of 
the order of 310 milliosmols for the rat. 
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of Missouri 


(Thompson & Mayer, 1959). These 
differences and similarities provide 
a means of examining the possible 
mechanisms involved in food rein- 
forcement. The present study ex- 
plores saccharin as a reinforcer, com- 
paring the functions obtained with 
those obtained from sucrose. 


METHOD 


A pparatus.—Eight Skinner boxes (Collier 
& Myers, 1961) delivering liquid reinforce- 
ments were used. The solutions were 
pared from soluble saccharin (Merck). 

Subjects —The 20 Ss of Exp. 1, the 24 Ss 
of Exp. 3, and the 12 Ss of Exp. 4 were 120 
150-day-old female rats. They had been 
used in a previous experiment in the same 
apparatus with sucrose solutions. Equal 
numbers of Ss from each of the three 
centrations in the preceding experiment were 
assigned to the conditions in these experi- 
ments. They were maintained on a 23-hr. 
food privation schedule. 

The 64 Ss of Exp. 2 were 90-day-old naive 
female rats. They were maintained on a 10- 
gm. per 24-hr. food privation schedule. The 
daily ration was placed in S's cage immedi- 
ately after running. 

The 16 Ss of Exp. 5 were 180-day-old male 
rats. They had been used previously in a 
water reinforcement experiment. In _ the 
“thirsty” portion of the experiment Ss were 
maintained on 1 hr. water, immediately fol- 
lowing a session, and free food. In the 
“hungry” portion of the experiment Ss were 


pre- 


con- 


TABLE 1 
OSMOLARITY OF SACCHARIN CONCENTRATIONS 
UsEepD 


% Concen 
tration 


mn 


Osmolarity* 
(Milliosmols) 


“alculated 
y alues 


* These values 
determinations, 


were obtained by freezing point 
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maintained on a 10-gm. per 24-hr. schedule 
and free water. 

All rats were of the Sprague-Dawley strain 
(Holtzman Company), and maintained on 
Purina chow and tap water. 

Procedure.—I\n Exp. 1, four groups of 5 Ss 
were run, one at each of four concentrations 
(.1, .3, .9, and 2.7%) ona 1-min. FI schedule 
for nine 30-min. sessions. Each reinforce- 
ment delivered .03 ml. Following a 3-day 
break, the same groups were run at the same 
concentrations for 7 days on a 4-min. FI 
schedule. 

Experiment 2 is a partial replication of 
Exp. 1 with order controlled. Four concen- 
centrations (.1, .3, .9, and 2.7%) were com- 
bined factorially with two fixed intervals 
between reinforcements, and two orders of 
presentation of the intervals (1 min.-4 min. 
and 4 min.-1 min.). Each S underwent both 
intervals, spending 6 consecutive days on 
each. A reinforcement delivered .1 ml. of 
Sessions were of 20 min. duration. 
Two replications of 32 rats each were run. 
All Ss trained for 8 days on the saccharin 
concentration used subsequently. Some 
difficulty was experienced on training Ss to 
respond to the magazine at the higher con- 
centrations. Those Ss lost were replaced. 

In Exp. 3 two intervals, 1 and 4 min., and 
3 concentrations (.1, .3, and .9%) were com- 
bined factorially with 4 Ss assigned to each 
combination. The first 9 days of BP were 
for .1 ml. of saccharin solution per rein- 
forcement, the next 5 days of BP were for 
.3 ml. per reinforcement, and the final 9 days 
for .03 ml. per reinforcement. 
30 min. in duration. 


solution 


Sessions were 


In Exp. 4 three groups of 4 Ss each were 
run, one at each of the three concentrations, 
3, .9, and 2.7%. A 1-min. FI schedule was 
used. The sessions were 1 hr. in length. In 
the first six sessions, .03 ml. reinforcement was 
used, followed by a 4-day break, 4 days on .1 
ml. reinforcement, a 4-day break, and then 
finally 4 days on .3 ml. reinforcement. 

Experiment 5 is a partial replication of 
Exp. 4 with the effect of order controlled. 
Two concentrations (.1 and 2.5%) were 
combined factorially with four volumes per 
reinforcement (.04, .08, .16, and .32 ml.) and 
four orders of presentation of the volumes. 
Each S spent 8 consecutive days at each 
volume. A 1-min. FI schedule and a 20-min 
session were used. During the first cycle of 
32 days, Ss were thirsty. During the second 
cycle of 32 days, Ss were hungry. 

In Exp. 6, four concentrations (.1, .3, .9, 
and 2.7% saccharin) were combined factori- 
ally with two levels of deprivation. The high 
deprivation group received 8 gm. of Purina 
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chow and the low deprivation group 16 gm. 
immediately following the experimental ses- 
sion. A 1-min. FI schedule was used for the 
eight 20-min. sessions. 


RESULTS 


The main results of Exp. 1 are 
presented in Fig. 1. The total num- 
ber of bar pressing responses (BP) 
averaged over the last 2 days on each 
interval is plotted against log con- 
centration for each FI interval. Anal- 
ysis of variance of these data for 
Concentration, Interval, and Ses- 
sions showed the main effects of 
Concentration and Interval significant 
(P<.01, Fo =6.12, df=3/16; P<.01, 
F, =49.55, df=1/16). On the final 
day of the 1-min. and 4-min. condi- 
tions 97% of the rewards possible were 
received and 100% of those received 
were consumed. Thus, all 1-min. 
groups and all 4-min. groups con- 
sumed equal volumes of solution. 
When the total BPs per session are 
compared with those from the previ- 
ous sucrose experiment in which Ss 
served, it is apparent that there was 
a large, significant decline from the 
rate for comparable sugar solutions 


| MIN. 
e 


4 MIN. 
2 





3 
CONG 


Fic. 1. The number of BPs/session as a 
function of concentration and interreinforce- 
ment interval in Exp. 1. 


3 ev 





GEORGE COLLIER 
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3 9 27 
CONC. 


Fic. 2. The number of BPs as a function of 
concentration and interval in Exp. 2. 


to a lower terminal rate for saccharin. 
Experiment 1, using .03 ml. per rein- 
forcement, shows that rate of BP was 
an increasing function of concentra- 
tion up to at least 2.7%, nine times 
the highest reported free ingestion 
preference value, on a 4-min. FI 
schedule and an increasing function 


TABLE 2 
ANALYSIS OF VARIANCE OF THI 
OF Exp. 2 


BP Data 


Source f MS 


Between Ss 
Conc. (C) 
Replication (R) 


10,936. 
3,359.! 
1,265. 
Cc d 421. 

oO 12. 

O d 469. 

O 150. 

Oo 

C 


Within Ss 
Interval (1) 
Order (O) 
Minutes (M 
Ixc 


26,368.2 
2,600.2 | 


of concentration up to at least .9% 
on a 1-min. FI schedule. 

The basic results of Exp. 2 are 
presented in Fig. 2. An analysis of 
variance of these data for the average 
of the last 2 days of each order, 
grouped into 4-min. totals, is pre- 
sented in Table 2. The rate of re- 
sponding was an increasing function 
of concentration at both intervals 
between reinforcements. The rate 
of responding within a session de- 
clined significantly, the level of re- 
sponding in the final 4 min. being 
about 68% of that of the initial 4 min. 
However, in Fig. 3 it is apparent that 
there were no differences in rate of 
decline over a 20-min. session. 

The major results of Exp. 3 
presented in Fig. 4. 
ing was an increasing function over 
the range of concentrations examined 
for small volumes per reinforcement, 
and was an increasing then decreasing 
function of concentration for 
volumes. At the larger volumes the 
highest rates were obtained for the 


are 
Rate of respond- 


large 


90 
80) 





i6 20 


4 8 12 
MINUTES 


The number of BPs in each 4-min. 


Fic. 3. 
period as a 
Exp. 2. 


function of concentration in 
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Fic. 4. The number of BPs as a function 
| volume per reinforcement, concentration, 
and interval between reinforcements in Exp. 3 


The 


responding 


longer intervals. difference in 


level of between these 
results, for .1 ml., and those of Exp. 2 
is probably the result of the fact that 
Ss in Exp. 2 were trained directly on 
saccharin. 

The 


presented in Fig. 


main results of Exp. 4 are 
5, in which the cumu- 
lative number of responses per minute 
for each combination of volume and 
concentration averaged over the last 
two sessions in each cycle is plotted 


against time. An analysis of variance 


UMULATIVE BP 


rc 
VY 


Fic. § 


The cumulative number of BPs and the number in the first 5 min 


rABLE 3 


\NALYSIS OF VARIANCE OF THI 
OF Exp. 4 


ree ] WS 
Between Ss 


Conc. (( 
Error, 


0964 


Within Ss 
Volume (\ 
Minutes 


*P< .05 
* P< Ol. 


over Concentration, Volume, and Min- 
utes is presented in Table 3. 

An examination of Fig. 5 shows 
that at small volumes rate of BP is an 
increasing function of concentration, 
at large volumes it is a decreasing 
function, and that the rate of decline 
in responding is a function of concen- 
tration but independent of the volume. 


60 


as a function 


of volume and concentration of reinforcement in Exp. 4. 
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TA 


NUMBER OF REINFORCEMENTS RECE 


BLE 4 


SIVED (#R), PERCENTAGE CONSUMED (5), 


AND VOLUME OF SOLUTION AND AMOUNT OF SOLUTE CONSUMED 


IN 


.3 Concentration 


Vol. (ml.) | Vol. 
Solu- 
| tion 


58 | | 1.7 | .005 | 60 
52 | | 5.2]. 60 
56 6 | 048 | 44 | 


* 60 possible. 


Exp. 4 
.9 Concentration .7 Concentration 


Vol. . “a | = Vol. | Gm. 

| ‘tion |solute| *~ | ” | ‘tion | Salute 
100 | 1.8 | .016 | 59 
100 | 6.0 | .054 | 60 
93 | 124] 111 | 33 


> Percentage of reinforcements consumed when magazine operated. 


This latter finding has been reported 
for sucrose (Collier & Myers, 1961) 
and for salt (Stellar, Hyman, & 
Samet, 1954). Total BPs per session 
do not show the decline observed in 
Exp. 1. With the longer sessions 
(60 min. vs. 30 min.) the decline takes 
place within sessions rather than 
between. 

Table 4 shows the number of the 
60 possible reinforcements received, 
the percentage taken, and the volume 
of solution and grams of solute 
consumed. 

The major data of Exp. 5 are pre- 
sented in Fig. 6. An analysis of the 
data of the final 2 days at each condi- 
tion for Concentration, Volume, Dep- 


225 
200| 
175| 
150) 
125} 
100! 
75 
50! 


TOTAL BP 


= HUNGRY THIRSTY 


O 04 08 16 32 04 08 16 32 
VOL. (ML) 
Fic. 6. The number of BPs asa function 


of concentration, volume per reinforcement, 
and kind of deprivation in Exp. 5. 


rivation, and Order is presented in 
Table 5. When Ss were hungry, rate 
of responding was an_ increasing 
function of volume at the low (.1%) 
concentration and an increasing then 
decreasing function of volume at the 
high (2.5%) concentration. When 
Ss were thirsty, number of responses 
was an increasing then decreasing 
function of volume at both concen- 
trations and a decreasing function 
of concentration at all volumes. 
These volume per reinforcement curves 


TABLE 5 


ANALYSIS OF VARIANCE OF THE BP Data 
oF Exp. 5 


Source dj MS 


Between Ss 5 | 23,853.52 
; 66,703.78 

V XO (b) 3 | 29,792.73 
VxOxC (b) 3 | 32,438.05 | 
Errorp 13,050.84 | 
16,285.29 

47,811.59 

3,268.89 

536,130.12 

7,867.00 

11,656.07 

195,781.53 


5,645.44 
7,588.42 
6,004.84 
23,677.34 
3,809.01 


P< @. 
wr Mi. 
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for saccharin are similar to those ob- 
tained with water from a comparable 
group of Ss run under the same condi- 
tions (Manaster, 1962). The addition 
of a “small’’ amount of saccharin ap- 
pears to lead to an increase in rate 
of responding above that for water 
while the addition of a 
amount leads to a decrease. 

Within a session, both initial rate 
and the rate of decline were affected 
by concentration and deprivation. 
Hungry Ss showed no noticeable de- 
cline within sessions at any combina- 
tion of volume and concentration 
with the exception of the .04 ml.- 
.1% group. The differences in total 
number of bar presses were reflected 
in the initial rates, that is, the non- 
monotonicity of the rate-volume curve 
at the high concentration and the 
nonmonotonicity of the rate-concen- 
tration curves at the large volumes 
could not be attributed to postinges- 
tive effects. On the other hand, when 
Ss were thirsty, substantial within- 
session declines occurred, particularly 
at the high concentration. Here it 
is obvious that some postingestive 
effect was operative over the 20 min. 
of the session which was dependent 
upon the concentration of the load 
and apparently independent of the 
volume of the load. 


“‘large”’ 


The Ss gained weight across cycles 
under the thirst schedule and lost 
weight across cycles under the hunger 
schedule. The average weight for 
the thirsty Ss was 355 gm.; for the 
hungry Ss it was 289 gm. 


The major data of Exp. 6 are pre- 


sented in Fig. 7. It shows that both 
the slope of the rate-concentration 
function and the rate of within-session 
decline were affected by deprivation, 
the steepest slope occurring for the 
8-gm. group, which averaged 199 gm. 
in weight, and the greatest within- 
session decline for the 16-gm. group 
which averaged 270 gm. in weight. 
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25] ¢ 
o* . rd . . 
4 i2 16 200 4 8 l2 6 20 
MINUTES 
Fic. 7. The cumulative number of BPs 
as a function of concentration and degree of 
food deprivation in Exp. 6. 


DISCUSSION 


Saccharin resembles sucrose in that 
similar functions are obtained when the 
parameters of reinforcement and depri- 
vation are manipulated and the course of 
responding within a session examined. 
It is clear from these data that the 
supposition that there are three inde- 
pendent loci of the events governing 
the rate of responding—the proximal 
reinforcing stimuli, the momentary post- 
ingestive load, and the nutritive condition 
of the animal—is correct for saccharin as 
well as for sucrose. 

Initial rates of responding for saccharin 
prove to be functions of the same dimen- 
sions of the proximal reinforcing stimulus 
as for sucrose, namely concentration, 
volume per reinforcement, and interval 
between reinforcements. No combina- 
tion of these variables proves to be addi- 
tive, both the slope and the maximum 
of any one function being themselves 
functions of the other variables. 
Saccharin differs from in that 
it is responded to at much lower concen- 
trations; it produces a lower maximum 
rate; and the increment in log concen- 
tration necessary to produce an equal 
increment in rate of responding is larger 
(cf. Collier & Myers, 1961). This latter 
contrasts with the parallel rate-log 
concentration functions obtained when 
similar sugars are compared (Guttman, 
1954). Volume per reinforcement ap- 
pears to have two effects on initial rate 
of responding for saccharin. In the 
lower range of concentrations increased 


two 
sucrose 
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volume increases the slope of the rate- 
concentration function. This may merely 
effect 
of dilution by saliva or it may be an 
example of the 
relation. 


represent the reduction of the 


classic intensity-area 
In upper range of concentra- 
tion, increased volume per reinforcement 
for both and lowers 
the point at which the inversion in the 
rate-intensity relation occurs. If the 
assumption (Collier & Myers, 1961) is 
correct that amount of reinforcement 
is an increasing function of the intensity 
and volume of the proximal reinforcing 
stimulus, then some other processes 
must intervene at these values. Two 
nonexclusive possibilities are that (a) 
the quality of the stimulus 
(e.g., from sweet to bitter) at the large 
volume high concentration combinations, 
and (b) that there are unconditioned 
withdrawal responses to intense stimuli 
which compete with the reinforced 
Some indication for the latter 
is given by the fact that the latency of 
the magazine response is longer at very 
high concentrations (Collier, 1959). 

As in the preceding experiments (e.g., 
Collier & Myers, 1961), 
within-session decrements are 
minimal 
those occurring for 
combinations of volume, interval, and 
concentration result in concen- 
trated postingestive loads. Numerous 
authors have attributed this latter shut- 
off to the increase in the osmotic pressure 
of the gastric load. Amount consumed 
as a function of concentration 
typically show a peak intake at approxi- 
mately the point of isotonicity while 
loading studies have typically shown an 
increasing depression of intake as a 
function of hypertonicity. However, 
the show the rate of 
shutoff as an increasing function of con- 
centrations, all of which were hypotonic 
(Table 1), and two volume-consumed 
studies show peak intakes at approxi- 
mately .24% for a 1-hr. session (Stellar, 
1960) and .44% for a 55-min. 
(Cockrell, 1952), which are considerably 
below the point of isotonicity.’ Thus, 


sucrose saccharin 


changes 


response. 


sorts of 
found, 
reinforce- 


two 


those occurring at 


ment values and 


which 


studies 


results 


present 


session 


3 Interpolated from the curves presented. 
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we have a postingestive shutoff effect 
in the hungry S which is proportional to 
but is not due to the 
hypertonicity of the load. Similarly, 
for the thirsty Ss we find a higher rate 
of responding and a lower rate of decline 
for the low concentrations than for 
water, and a lower rate and a faster rate 
of decline for the high concentration, 
which is again still hypotonic. These 
results lead to a suggestion either of 
some peculiar property of saccharin or of 
a rejection of a simple osmotic explana- 
tion of satiation. Some support for the 
former alternative is given by Carlson 
et al. (1923), who report that saccharin 
delays intestinal absorption by some 
mechanism other than the osmotic factor. 
The results further suggest that there 
shutoff 
hunger and one for thirst, which respond 
differentially to the same load. 


concentration 


are two mechanisms, one for 


The effects of nutritive condition on 
the rate of responding for saccharin 
are similar to those for sucrose (Collier 
& Willis, 1961). Higher rates of respond- 
ing and steeper slopes of the rate-log 
concentration function are obtained at 
higher deprivations. These results, in 
the light of the noncaloric character of 
saccharin and its sustained consumption 
over long periods of time (e.g., Hillix, 
1958), support the view that deprivation 
may exercise its effects on rate of re- 
sponding independently of the _ post- 
ingestive consequences of the reinforce- 
ment. However, it should be noted that 
saccharin simulates and 
nutrient materials in some of its non- 


sugars other 


nutritive postingestive consequences, in 
that it elicits similar gastric reflexes, etc. 
and that a large part of it is absorbed 


before it is eliminated (Carlson et al., 
1923). 

When the kind (e.g., thirst vs. hunger) 
rather than the degree of deprivation 
is varied the rate-intensity relation is 
again affected. For thirsty Ss the rate- 
intensity relation is essentially flat over 
the lower range of concentrations and 
then decreases for higher concentrations. 
The hypothesis that body concentration 
is being defended by means of an osmo- 
receptor at the gustatory level is not 
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supported in the present study since 
all values of saccharin used were hypo- 
tonic. This interaction of taste and 
kind of deprivation again suggests that 
deprivation may in part exercise its 
effect on rate of responding independ- 
ently of the postingestive consequences 
of the reinforcement. 


SUMMARY 


The relations between concentration, vol- 
ume per reinforcement, interval between 
reinforcement, degree and kind of depriva- 
tion, and the rate of responding for saccharin 
solutions in the Skinner box were explored. 

For hungry Ss initial rate of responding was 
an increasing function of concentration and 
volume, and a decreasing function of interval. 
No combination of these variables proved to 
be additive. 
log concentration function was an increasing 
function of deprivation while the slope of 
the initial rate vs. log volume function was 
not. When Ss were thirsty 
concentration 


rhe slope of the initial rate vs. 


the rate vs. log 
flat at the 
low concentrations and decreased at the high, 


function became 
while the rate vs. log volume function retained 
Rate of shutoff, within a 
session, was an inverse function of the mag- 
nitude of reinforcement at low levels of rein- 
forcement and 


the same shape. 


a function of the magnitude 
of the load at high levels of reinforcement. 
The of shutoff did to 
greatly affected by deprivation. 

The for 
similar to those found for sucrose. 
the 
charin and sucrose, e.g., osmoti 


rate not appear be 


relations found saccharin were 


The im- 
plications of differences between sac- 
and meta- 
1 account of these 


relations in terms of the view that there is a 


bolic, were examined for a 


threefold locus of events governing the rate 
of responding, the proximal reinforcing stim- 
uli, the momentary ingestive load, and the 
nutritive condition of the animal. 
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ADAPTATION IN THE PERCEPTION OF VISUAL VELOCITY 


V. R. CARLSON 


National Institute of Mental Health 


The aftereffect due to prolonged 
viewing of a constantly moving stimu- 
lus pattern has been studied with (a) 
a stationary test pattern, (b) a pat- 
tern moving in the same direction 
slowly enough to appear stationary, 
and (c) a pattern moving in the same 
direction and at the same objective 
speed as the adapting pattern. If one 
views a pattern moving down for a 
time and then, within some number 
of seconds, looks at a_ stationary 
pattern, the latter will give an appear- 
ance of moving up (the so-called water- 
fall illusion); if the pattern is moved 
down at a slow rate instead of re- 
maining stationary, the apparent up- 
ward motion can be cancelled. If 
the original pattern continues and 


a second, identically moving pattern 
is presented in a different part of the 
field, the first will appear to be moving 
at a slower rate than the second. 
Gibson (1937, pp. 234-236; 1959, 


pp. 490-491) has reviewed these 
several effects and has pointed out 
that they are consistent with the 
proposition that adaptation involves 
an oppositely directed decrement in 
apparent velocity along the dimension 
of the adapting velocity. As a 
purely empirical generalization, one 
would predict that a test pattern 
moving in the same direction, but 
faster than the adapting pattern, 
should appear to be moving more 
slowly than it would in the absence 
of the prior adaptation. Similarly, 
if the test pattern is moving in the 
direction opposite to that of the adapt- 
ing pattern and at a more or 
comparable rate of speed, then the 
test pattern should appear 


less 


to be 


moving faster than normal in that 
opposite direction. The present study 
is a test of these two hypotheses, 
utilizing a procedure for measuring 
perceived velocity which does not 
depend upon subjective awareness 
of the occurrence of any aftereffect. 


METHODS 


Perceptual velocity test.—Fixating binocu- 
larly, S viewed an aperture (depicted in 
Fig. 1) through which a bright test line rotated 
orbitally at constant speed. Two seconds 
before the appearance of the test line, a tone 
signal was presented and at the same time 
the designated target was lighted. The S 
depressed a key and held it down until he 
judged that the test line had reached the 
target position beyond the point of disap- 
pearance of the test line. Response time was 
measured from the moment of disappearance 
of the test line to the instant S released the 
response key. Release of the key also ex- 
tinguished the target. 

This general kind of task has been used by 
a number of investigators in the study of 
tracking performance (reviewed by Brown, 
1961, pp. 99-101). Gerhard (1959) and Held 
and White (1959) have employed it more 
specifically as a means of measuring perceived 
velocity. The present version, although 
similar in principle, differs in many details 
from the particular tests used by those 
investigators. 

Adaptation.—Prior to an adaptation test 
trial, a continuously rotating pattern was 
presented in the aperture for 45 sec. The S 
made no response during the adaptation 
period other than to maintain fixation. The 
pattern was moving at a constant rate both 
when it appeared and disappeared, so that 
S never saw it stationary. Three identical 
presentations of the test line then occurred 
at approximately 4, 13, and 22 sec. following 
disappearance of the adaptation pattern. Con- 
trol trials were the same as the adaptation 
trials except that no pattern appeared in the 
aperture during the adaptation period. One 
minute elapsed between successive test periods 
(whether adaptation or control). 
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. 906 


55 CM 


\ ‘\ TARGET 
oY SHY 5 MM. DIAM 


TEST LINE 
6 CM 


A 


FIXATION POINT 


Aperture used in perceptual 
velocity test. 


Schedule.—The speeds of rotation were 
30°, 40°, and 53°/sec, with corresponding cor- 
rect response times of .33, .25, and .19 sec., 
respectively.'. At the beginning of each ses- 
sion S performed two practice test trials at 
40°/sec, one clockwise and one counterclock- 
wise. The experimental schedule consisted 
of six control conditions interspersed among 
18 adaptation/test conditions on each of 4 
days (the nine possible speed combinations 
each occurred once with the adaptation and 
test rotations in the same direction and once 
in opposite directions). The order of occur- 
rence of these conditions was carefully dis- 
tributed and permuted so as to minimize 
possible sequential effects. Several days, 
usually 1 week, intervened between testing 
sessions. 

A pparatus.—The S was positioned 2 m. 
in front of a 59 X 76 cm. rear-projection, 
flashed opal-glass screen with the fixation 
point at eye level. The aperture, fixation 
point, and target spots were produced by cut- 
outs in a sheet of cardboard mounted im- 
mediately behind the glass. The test line 
and adaptation pattern were produced by 
open sectors in discs mounted on a rotator 
with the center of rotation in line with the 
fixation point and S’s eye. 
sisted of a 2° sector, the adaptation pattern, 
of 18 2° sectors spaced 18° apart. 


The test line con- 


The screen, 
its black frame, and the fixation point were 
always clearly visible, but the rest of the test 
stimuli appeared only at 
times during an actual trial. 

Subjects—Fifteen male and 4 female 
junior college students were paid to serve as 
Ss in the main experiment. The data for 
the females fell within the distributions for 


the appropriate 


1 All designations of measure in degrees 
in this paper refer to angular distance around 
the fixation point in the frontal plane of the 
fixation point, not to visual angle 
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the males and showed no consistent tenden- 
cies toward deviation from the data of the 
males. The two groups were therefore 
treated as a single group of 19 Ss. 

Preliminary work.—A variety of Ss have 
shown very high correlations between re- 
sponse time in this perceptual velocity test 
and presented speed of rotation of the test 
line, although absolute 
varied appreciably from one individual to 
another. No relationship was found between 
response time in this task and simple reaction 
time to the cessation of a light, in agreement 
with Held and White (1959). 

In a preliminary adaptation experiment 
with 11 Ss (other than those used in the main 
experiment) only control trials were pre- 
sented on a first day, only adaptation trials 
on a second day, and only control trials again 
on a third day. Overall response-time level 
tended to shift toward generally increased 
response times after the first day, and it was 
for this reason that the control trials were 
distributed among the adaptation trials in 
the main experiment. The results of the 
preliminary experiment were otherwise es- 
sentially the same as those reported below 


response time has 


RESULTS 


Clockwise vs. counterclockwise ro- 
tation, as such, had no differential 
effect, so these conditions have been 
combined. Rotations in the Same 
direction thus refer to conditions in 
which both the adaptation pattern 
and the subsequent test line turned 
clockwise or both counterclockwise; 
rotations in Opposite directions refer 
to those conditions in which one 
turned clockwise and the other coun- 
terclockwise. 

An overall test for effect on the 
first test-line presentation following 
each adaptation period was made 
according to whether speed of the 
adaptation pattern was greater than, 
equal to, or less than the speed of the 
test line and whether rotations were 
in the Same or Opposite directions 
(Table 1). Since each of these six 
categories combines three different 
speed conditions (the appropriate 
combinations of 30°, 40°, and 53° 
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TABLE 1 


AVERAGE DIFFERENCE IN PERCENTAGE 
RESPONSE-TIME ERROR (CONTROL 
Minus ADAPTATION) FOR FIRST 
TRIAL FOLLOWING 
ADAPTATION 


Adaptation Speed Relative to 
Adaptation vs. Test Speed 
Test Direction 
| 
Greater Equal 
| 


Same 
Mean —10.5 


pe <.001 
Opposite 

Mean 

SD 

P 


SD | 9.0 
} 


* Probability associated with the ¢ value for the 
difference of the mean from zero, df = 18 


sec), response-time error expressed 
as a percentage of the correct response 
time for each given test speed was 
used as the score. According to the 
empirical hypothesis under test, the 
control-minus-adaptation 
for rotations in the Same direction 
should be negative (relatively longer 
response time indicating slower ap- 
parent speed following adaptation as 
compared to control); the differences 
for rotations in Opposite directions 
should be positive (test line appearing 
to move relatively faster following 
adaptation to a pattern moving in 
the opposite direction). For only two 
of the six categories in the table do the 
results agree with such a prediction. 
These two (adaptation speed equal 
to, or greater than, test speed, rota- 
tions in direction) represent 
consistent effects, each of the three 
conditions within each category at 
least approaching a significant dif- 
ference (P < 
rately. No 
condition for 


differences 


Same 


.10) when tested sepa- 
single within-category 
rotations in Opposite 


directions reached a significant effect 


by itself, although a tendency in the 
nonpredicted direction is suggested 
for two of these categories. If the 
average values for Same and Opposite 
rotations are compared with each 
other, instead of with the control 
values, the differences are generally 
significant (P <.001, <.05, and <.10, 
respectively, for adaptation speed 
greater than, equal to, and less than 
test speed). 

More detailed results for rotations 
in the Same direction are presented 
in Fig. 2. The corresponding curves 
for rotations in Opposite directions 
are not shown, since they were not, 
in any specific instance, significantly 
different from the control values. 
Each adaptation period was followed 


TEST TRIALS AT 537SEC 
ADAPTATION SPEED 
30SEC 


40YSEC 


ALS AT 407SEC 
ADAPTATION SPEED 
ad 
40YSEC 


TEST TRIALS AT 307SEC 
ADAPTATION SPEED 
40YSEC 


30SEC 
537SEC 


CORRECT MINUS OBSERVED RESPONSE - TIME (SEC) 


¢ FOLLOWING 
ADAPTATION 


-—0 CONTROL 


TEST TRIALS 


Fic. 2. 
successive 


Response-time errors on three 
test trials following adaptation 
(test and adaptation rotations in the Same 
direction). 
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by three identical test 
trials, occurring at approximately 4, 
13, and 22 sec. after disappearance 
of the adaptation pattern. A lower 
the ordinate represents 
longer response time, indicating rela- 
tively slower perceived speed of the 
test line. 

The three control points for test 
trials at the middle speed, 40°/sec, 
do not differ from each other within 
the limits of error. 
and 53°/sec, the 


successive, 


value on 


For both 30°/sec 
trial 
to be different from the first (P - 
effective speed of the test line shifting 
toward a relatively slower value for 


53” sec 


second tends 


.05), 


relatively 
These trends 


toward a 
faster value for 30°/sec. 


and 


are generally discernible in the curves 
for the adaptation trials as well. 

The 
placement of the points downward 
when 


clearest aftereffect is a dis- 
the velocity of the adaptation 
pattern was greater than the velocity 
of the test line. A lesser effect, but 
in the same direction, occurred when 
the adaptation and test-line velocities 
were equal. In all of the present 
data the only instance of a significant 
increase in perceived speed due to 
prior adaptation was produced by 
adaptation at 30°/sec on test trials 
at 53°/sec rotations in the Same 
direction. All points for this 
curve than 
the corresponding points 
(P < .01). 

Since the preliminary experiment 
overall shift toward 
longer response times with succeeding 


three 


, : _- Lb sohar 
are significantly higher 


control 


suggested an 


days, the data were also analyzed for 


such a trend. The mean response 
times for the control trials were .10, 
.06, and .04 sec. longer for speeds 
30°, 40°. 


on the 


and 53°/sec, respectively, 
fourth as compared to the 
first day. These increases were pro- 
4 days, but there 
was no consistent trend from begin- 


gressive over the 
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ning to end of testing sessions within 
days. 


DISCUSSION 


Motion aftereffects of the waterfall 
type have represented a class of effects 
in which a decrement in effective velocity 
accrues to a test stimulus moving in the 
same direction as the adapting stimulus 
and at the same, or a slower, speed. 
The significant negative aftereffects which 
occurred in the present experiment fall 
within 
here is incapable of utilizing a stationary 
test stimulus, but Johansson (1956) has 
devised a similarly nonsubjective tech 
nique representing the test 

His results indicate a 
aftereffect of The 
objective therefore, 
appears to produce results which are 
consistent with previous subjective de 
motion aftereffect, at 
least with respect to direction. 

Smith Sherlock (1957) have 
pointed out that when a pattern moves 
through an aperture the apparent fre- 


this class. The procedure used 


stationary 
condition. also 
negative motion. 


more procedure, 


terminations of 


and 


quency of passage of contours is con- 
founded with apparent speed. Such 
confounding was the here with 
respect to the adaptation pattern and 
presumably contributed to the impres- 
Also, the time the test 
line was visible was confounded with its 


case 


sion of its speed. 


speed through the aperture, and it is 
possible that time-judgment is an im- 
portant aspect of this type of task (Ger- 
hard, 1959). But if the adaptation 
effects were due the factors 
of frequency or time, then the direction 
of rotation of the test line relative to that 
of the adaptation pattern should not 
have made Since this 
relation was of major importance in the 


solely to 


any difference. 


tentatively 
at least, that there was adaptation to 


results, we can conclude, 


velocity, not just to speed or a non- 


directional component such as frequency 


or time. One aspect of the results 


however, does nondirec 


some 
tend 
ency for the three successive test trials in 


tional adaptation. That was the 


a set, whether following the adaptation 
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pattern or not, to shift toward a higher 
value for the slowest speed and toward 
a lower value for the fastest speed. This 
effect would be consistent with the notion 
that an Adaptation Level tended to 
become established at or near the middle 
speed (or time), dependent 
upon a cumulative effect of all preceding 
trials. 

One of the directional effects differen- 
tially supports Adaptation Level theory 
rather than the principle of negative 
aftereffect: Adaptation at 30°/sec pro- 
duced an apparent increase upon the 
test speed at 53°/sec, when both rota- 
tions were in the same direction. How- 
ever, the two other comparable condi- 
tions, 30° upon 40° and 40° upon 53° 
did not. Moreover, the lack of 
negative aftereffect with rotations in 
opposite directions also appears incon- 
sistent with Adaptation Level theory. 
According to Helson (1959), ‘ ad- 
aptation has not only negative after- 
effect but positive and negative effects 
simultaneously: high AL sensitizes to 
negative qualities, low AL to positive 
qualities, and intermediate AL to both 
positive and negative qualities = 
(pp. 572-573). 

In any 


response 


sec, 


case, it is specifically with 
respect to Gibson’s generalization of 
negative aftereffect that the present 
findings do not agree. Gibson (1959) 
conceives of a single dimension as con- 
sisting of values varying from high in 
one direction through zero to high in the 
opposite direction. Adaptation to any 
particular value along the entire dimen- 
sion reduces the difference between 
that value and zero and simultaneously 
shifts all values along the dimension 
in the same algebraic direction (p. 490). 
If the implication of the present findings 
is correct, however, the principle would 
appear not to apply to perceived velocity, 
whether one understands the pertinent 
variable of stimulation to be angular 
optical motion across the retina or the 
“shear” relation between a pattern and 
the edges of an aperture (Gibson, 1958, 
p. 168). 


On the other hand, the existence of 
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ganglion cells in the vertebrate retina 
which are differentially sensitive to the 
direction of motion of a contour (Hubel 
& Wiesel, 1959, pp. 581-584; Maturana, 
Lettvin, McCulloch, & Pitts, 1960, p. 
159) suggests a possible basis for a lack 
of aftereffect when the adapting and 
test motions are in opposite directions. 
As far as such cells, or processes de- 
pendent upon them, would be concerned, 
the effects of stimulation in one direction 
would be expected to have little or no 
effect upon subsequent stimulation in 
a different direction. 
speculative 


This is a highly 
this point, 


but it seems likely to require considera- 


hypothesis at 


tion in future theorizing about motion 


perception. 
SUMMARY 


The effect of adaptation to an orbitally 
rotating pattern on a subsequently presented 
moving test stimulus was assessed using a 
procedure in which S is unaware of the oc- 
currence of aftereffect. When adaptation 
and test motions were in the same direction, 
results were generally consistent with already 
known aftereffects of the waterfall-illusion 
type. But little or no aftereffect occurred 
when adaptation and test motions were in 
opposite directions. This finding agrees 
neither with Adaptation Level theory nor 
with Gibson’s principle of negative after- 
effect. It may, however, be related to the 
recent discovery of retinal units which are 
differentially sensitive to the direction of 
stimulus movement. 
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SUPPLEMENTARY REPORT: EFFECT OF MODE OF 


RESPONSE ON 


JUDGMENT OF FAMILIAR SIZE! 


A. V. CHURCHILL 


Defence Research Medical Laboratories, Toronto, Canada 


Recent studies have compared the accuracy 
of estimation of the size of familiar objects 
from memory, with the accuracy of estima- 
tions obtained when the same objects were 
presented visually. Bolles and Bailey (1956) 
had Ss give verbal estimates of the size of 54 
familiar objects from memory, followed by 
verbal estimates of the size of the same ob- 
jects when the objects were visible. The 
“familiar” objects were present in the immedi- 
ate environment and included items ranging 
from pencils and books to furniture and auto- 
mobiles. that the 
objects were familiar in terms of the recency 
of their appearance in S’s environment 

McKennell (1960) had 
represent their estimates, 


The procedure suggests 


Ss draw lines to 
from memory, 
of the size of nine common objects, followed 
by estimates of the size of the same objects 
when they were presented 
“familiar” this 
such standard-sized items as 


visually. The 
study included 
a 9-in. rule and 
a cigarette, and such non-standard-sized items 
asa medicine bottle and a penknife. 

The present study was designed to examine 
the reliability of the 
the two response 
mine the 


objec ts in 


results obtained under 
conditions, and to deter- 
effect of the 
when estimating the size 
from memory 
Method 


as 6. 


mode of response, 


of familiar objects 


Six laboratory personnel served 
timated were 
verbally identifiable as being of a specific size, 
and were familiar to Ss through daily ex- 
posure in the environment. The group of 
objects provided a series of 40 dimensions, 


The objects to be e 


ranging from ;, in., the diameter of a govern- 
ment issue pencil, to 12 in., the length of a 
Province of Ontario automobile license plate. 

The S sat at a table in front of a screen 
which eliminated his visual reference to 
objects in the room which might have given 
cues to the size of the dimension being esti- 
mated. Under the physical-response condi- 
tion, S was required to separate two straight- 
edges, which tracks over 
a continuous strip of paper, and to mark off 
his estimate with a 


were mounted on 
nonstandard pencil 
Each marked-off estimate was removed from 

1 Defence Research Medical Labor 


No. 164, DRML Report No. 164-12 
20-27, HR No. 196. 


tories Project 
PCC No, D77-94 


S’s view before continuing with the series. 
Under the verbal-response condition, S sat 
in the same position, with his hands folded 
to eliminate any tendency towards making 
physical estimates between his hands, and 
was asked to give a verbal estimate of the 
specified dimension. The physical-respons¢ 
condition preceded or followed the verbal 
response alternate Ss Phe 
entire procedure was repeated in one session, 
resulting in four sets of estimates of the 40 
dimensions by each 5S, 
verbal. Each 
presented in random order 

Results Product-moment correlations 
were calculated, for each S, between the 40 
measured dimensions and each of the 


condition for 


two physical and two 
series of 40 dimensions was 


four 
Correlations were calcu 
lated between the two sets of physical esti- 
mates, between the two sets of verbal esti- 
mates, and between the means of the two 
sets of physical estimates and the means of 
the two sets of verbal estim ites, for each S 
The resultant 42 correlation 
ranged from .92 to .99 


sets of estimates. 


coefficients 
The reproducibility of the physical re- 
sponses was shown by correlations of .98 to 
.99 between the first ond trials, and of 
the verbal correlations of .93 
to .99. 


and s¢ 
responses by 
rhe relatively small mode-of-response 


effect was shown by correlations of .96 to .99 


between the means of the two sets of p 


responses and the means of the two 
verbal responses. 

hese results are consistent with thos« 
reported by Bolles and Bailey (1956 
Ss achieved a high degree of accuracy whe! 
making verbal estimates of the size of familiar 
objects on the basis of memory and 
with those of McKennel (1960), in that Ss 
achieved a high degree of accuracy 
making physical estimates of the 
familiar objects on the basis of memory alone 


between the 


, in that 


1 
none 


when 
size of 


The correlations estimates 


obtained under the two response conditions 
suggest that the mode of response had little 


effect on the accuracy of estimation of the 


size of familiar objects when the estimates 


were made from memory The tendency 


towards slightly higher correlations under the 


physical-response condition was probably 
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due to the fact that Ss tend to verbalize their 
estimations on a discrete scale, i.e., 4, }, 4, 
which would not apply to physical 
estimations on a Chis 


rounding-off effect, under the verbal-response 


or 1 in., 
continuous scale 
condition, increased with the increase in the 
dimension to be estimated, thus, 
of dimensions between 1 


estimates 
and 6 in. showed 
30% to be rounded off to an even inch, where- 
as, estimates of dimensions between 6 and 
12 in. showed over 80% rounded off to an 
even inch. 

hat Ss apparently did not remember the 
numerical value of verbal estimates from 
trial to trial is suggested by the fact that only 
37% of the pairs of verbal estimates differed 
by 7¢ in. or less, while 30% of the pairs of 
physical estimates differed by 

Relative error, i.e., error as a percentage 
of the estimated, was 10% or 
greater in 64% of the verbal estimates, and 


in 57% of the physical estimates All esti- 


fs in. or less 


dimension 
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mates of dimensions less than }%-in. dimen- 
sion were less than 1 in 
of the }3-in 


167 


; approximately 50% 
dimension were less than 1 in.; 
no estimate of dimensions of 1 in. or greater 
was less than 1 in 

Estimates of some of the dimensions 
that Ss 
objects remembered on 
than 


remembered on 


suggested overestimate familiar 
a small background 
more when these same objects are 
a larger background, i.e., a 
license plate on a small European automobile 
is overestimated more than one remembered 


on a standard American automobile. 
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lual differences 


\N ASPECT OF THE 
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In his experiment with a hidden light 
source, Gelb (1929 reported that the intro- 
duction of a small bit of white paper in front 
of a spinning black disk changed the ap- 
pearance of the disk from a faintly illuminated 
white to a brilliantly illuminated black. 
(1959) that this 
change in disk lightness is consistent with the 
usual laws governing lightness 
Seck (1961 
change from 


Recently, Stewart showed 
contrast. 
suggested that the corresponding 
a faintly to a brilliantly illumi- 
nated field is the consequence of the increased 
luminance of the area 
He Beck, 1959, 1961) 
judgment of illumination of a 


seen as white. 
reported that the 
visual field 
consisting of discriminable areas of differing 


now 


but uniform luminances is strongly influenced 
by the luminance of the highest reflecting 
area, i.e., the brightness of the area seen as 
rhe present experiment tested this 
suggestion by obtaining judgments of light- 
ness and illumination for a situation which 
was in principle the same as that of Gelb’s. 

Method. Beck’s (1961) 


white 


apparatus and 

y a grant (B1876) 
from ns of Neurological Diseases 
‘ Public Health Service. 


f Penn 


procedure were used. The Os adjusted the 
illumination on a comparison surface until 
it appeared equal to that of the standard 
while viewing each with monocular vision and 
a motionless head in a completely dark room. 
The standard and comparison surfaces were 
8 X 13 in. white, gray, and black smooth 
matte papers. The reflectances of the papers 
were, respectively, 84%, 21%, and 7%. The 
standard half white and half 
black. Two comparison surfaces were used: 
One was composed of two luminance levels, 
equal sections of gray and black; 
was composed of three luminance levels, equal 
sections of white, gray, and black. 


surface was 


the second 


All luminance measurements were taken 
with a Spectra brightness spot meter. The 
experimental conditions and data are pre- 
sented in terms of the incident illumination 
values which were computed from the lumi- 
nance measures and the reflectances of the 
papers. The incident illumination on the 
standard surface 1.79 ft-c and 
sponded to a luminance of the white area 
equal to 3.5 ft-L. Thus, to 
maximum luminances of the comparison 
surfaces to that of the standard, Os should 


was corre- 


equate the 





JACOB BECK 


TABLE 1 


MEDIANS OF Os’ LIGHTNESS MATCHES 


Standard Surface 
Match 


Median 


White 
Gray 
Black | 12% 


have adjusted the incident illumination on 
the two-level comparison surface to 7.14 ft-c 
and on the three-level comparison surface to 
1.79 ft-c. For each comparison surface, O 
made 10 separate illumination matches with 
E alternately setting the incident illumina- 
tion to a point either too high or too low. 
The order in which the two comparison sur- 
faces were presented was alternated. At the 
conclusion of the illumination matches for 
each comparison surface, the illumination on 
the standard surface remained at the value 
used in the experiment while the illumination 
on the comparison surface was set at the 
median of O’s matches. The Os were then 
asked to match the lightnesses of the standard 
and comparison surfaces with a chart of 
Hering grays. Ten Os were used. All had 
normal vision and were naive regarding the 
experiment. 

Results and discussion.—Table 1 shows the 
medians and interquartile ranges of the 
reflectances of the samples on the Hering 
chart matched to the papers composing the 
standard and comparison surfaces. In agree- 
ment with Gelb’s (1929) finding, the table 
indicates that the area of maximum reflec- 
tance on each surface was seen as light gray 
or white and the other areas were seen as 
gray or black depending upon their relative 
reflectances. On the two-level comparison 
surface, the medians of Os’ lightness matches 
of the gray and black papers were 63% and 
22%. However, due to the white paper on 
the three-level surface, the gray was now 
matched to a sample reflecting 25% and the 
black to a sample reflecting 12%. 

Corresponding to the darkening of the 
papers on the three-level surface, the illumi- 
nation matches were lower. On the two-level 
surface, the median illumination match was 
8.57 ft-c with an interquartile range of 7.62- 
9.52 ft-c while on the three-level surface the 
median illumination match was 2.38 ft-c with 
an interquartile range of 1.79-2.74 ft-c. 
However, the luminances of the maximum 
reflecting areas on the two- and three-level 
comparison surfaces corresponding to the 
median illumination settings were similar, 
1.8 ft-L and 2 ft-L. This is consistent with 


Two-Level Comp. Surface 


Median 
63% 3% A 63% 


Three-Level Comp. Surface 


Median 


01-03 


43%-63% 


| 19%-28% 


%-16% 


the previous findings that Os’ illumination 
judgments of a visual field consisting of sur- 
faces of different lightnesses (and placed so 
that neither shadows nor highlights are 
present) are greatly influenced by the bright- 
ness of the area seen as white. On both the 
two- and three-level comparison surfaces, the 
maximum luminances corresponding to Os’ 
median illumination matches were higher 
than the maximum luminance, 1.5 ft-L, of 
the standard surface. In part, this may be 
the result of an enhanced impression of 
illumination of the standard surface due to 
the juxtaposition on it of areas of great light- 
ness difference (Beck 1959). 

Katz (1935, p. 283) hypothesized that the 
judgment of illumination is based on the 
insistence of the field, i.e., the average lumi- 
nance of the field. The average luminances 
of the standard and comparison fields are 
equated when the incident illumination on 
the two-level comparison surface is set at 
5.71 ft-c and on the three-level comparison 
surface at 2.14 ft-c. On the two-level com- 
parison surface, Os’ illumination matches 
are closer to the setting which equates the 
maximum rather than the average lumin- 
nances of the standard and comparison sur- 
faces. On the three-level comparison surface, 
the settings equating the average and maxi- 
mum luminances are too similar to be dis- 
tinguished. However, the earlier experi- 
ments by Beck (1959, 1961) showed that 
for the simplified visual field here considered 
Os’ judgments of illumination are more 
strongly influenced by the maximum lumi- 
nance reflected from the field than by the 
average luminance 
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